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PREFACE. 



The progress of modem science, especially 
within the last few years, has been remarkable for 
a tendency to simplify the laws of nature, and to 
unite detached branches by general principles. In 
some cases identity has been proved where there 
appeared to be nothing in common, as in the 
electric and magnetic influences ; in others, as 
that of light and heat, such analogies have been 
pointed out as to justify the expectation that they 
will ultimately be referred to the same agent, and 
in all there exists such a bond of union, that pro- 
ficiency cannot be attained in any one without a 
knowledge of others. 

Although well aware that a far more extensive 
illustration of these views might have been given, 
the Author hopes that enough has been done to 
show the Connection of the Physical Sciences. 

In order to keep pace with the progress of 
discovery in various branches of the Physical 
Sciences, this book has been carefully revised. 
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CONNECTION OF PHYSICAL SCIENCES. 



INTRODUCTION. 

Science, regarded as the pursuit of truth, must ever 
afford occupation of consummate interest, and subject of 
elevated meditation. The contemplation of the works 
of creation elevates the mind to the admiration of what- 
ever is great and noble ; accomplishing the object of all 
study, which, in the eloquent language of Sir James 
Mackintosh, "is to inspire the love of truth, of wisdom, 
of beauty — especially of goodness, the highest beauty 
— and of that supreme and eternal Mind, which con- 
tains all truth and wisdom, all beauty and goodness. 
By the love or delightful contemplation and pursuit of 
these transcendent aims, for their own sake only, the 
mind of man is raised from low and perishable objects, 
and prepared for those high destinies which are ap- 
pointed for all those who are capable of them." 

Astronomy affords the most extensive example of the 
connection of the physical sciences. In it are combined 
the sciences of number and quantity, of rest and mo- 
tion. In it we perceive the operation of a force which 
is mixed up with everything iha.t exists in the heavens 
or on earth; which pervades every atom, rules the 
motions of animate and inanimate beings, and is as sen- 
sible in the descent of a rain-drop as in the ftdls of 
Niagara; in the weight of the air, as in the periods of 
the moon. Gravitation not only binds satellites to their 
planet, and planets to the sun, but it connects sun with 
sun throughout the wide extent of creation, and is the 
cause of the disturbances, as well as of the order of 
nalTire : since every tremor it excites in any one planet 
is immediately transmitted to the farthest limits of the 
system, in oscillations, which correspond in their periods 
with the cause producing them, like sympathetic notes 
in musiC; or vibrations from the deep tones of an organ. 

The heavens afford the most sublime subject of study 
which can be derived from science. The magnitude 
1 A 



2 INTRODUCTION. 

and splendor of the objects, the inconceivable rapidity 
with which they move, and the enormous distances 
between them, impress the mind with some notion of 
the energy that maintains them in their motions, with a 
durability to which we can see no limit. Equally con- 
spicuous is the goodness of the great First Cause, in 
having endowed man with faculties, by which he can 
not only appreciate the magnificence of ETis works, but 
trace, with precision, the operation of His laws, use the 
globe he inhabits as a base wherewith to measure the 
magnitude and distance of the sun and planets, and 
make the diameter (Note 1) of the earth's orbit the 
first step of a scale by which he may ascend to the 
starry firmament. Such pursuits, while they ennoble 
the mind, at the same time inculcate humility, by show- 
ing that there is a barrier which no energy, mental or 
physical, can ever enable us to pass : that, however 
profoundly we may penetrate the depths of space, 
there still remain innumerable systems, compared with 
which, those apparently so vast must dwindle into in- 
significance, or even become invisible ; and that not only 
man, but the globe he inhabits — ^nay, the whole system 
of which it forms so small a part— might be annihilated, 
and its extinction be unperceived in the immensity of 
creation. 

A complete acquaintance with physical astronomy 
can be attained by those only who are well versed in 
the higher branches of mathematical and mechanical 
science (N. 2), and they alone can appreciate the ex- 
treme beauty of the results, and of the means by which 
these results are obtained. It is nevertheless true, that 
a sufficient skill in analysis (N. 3) to follow the general 
outline — ^to see the mutual dependence of the different 
parts of the system, and to comprehend by what means 
^e most extraordinary conclusions have been arrived 
at, — ^is within the reach of many who shrink from the 
task, appalled by difiScnlties, not more formidable than 
those incident to the study of the elements of every 
branch of knowledge. There is a wide distinction be- 
tween the degree of mathematical acquirement neces- 
sary for making discoveries, and that which is requisite 
&r und^nt^dug what othors baro doxi^* 
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Our knowledge of externa] objects is founded upon 
experience, which furnishes facts ; the comparison of 
these facts estabHshes relations, from which the belief 
that like causes will produce like effects, leads to gen- 
eral laws. Thus, experience teaches that bodies fall at 
the surface of the earth with an accelerated velocity, 
and with a force proportional to their masses. By com- 
parison, Newton proved that the force which occasions 
the fall of bodies at the earth's surface is identical with 
that which retains the moon in her orbit ; and he con- 
cluded, that as the nH)on is kept in her orbit by the 
attraction ci the earth, so the planets might be retained 
in their orbits by the attraction of the sun. By such 
steps he was led to the discovery of one of those powen, 
wiUi which the Creator has ordlained, that matter should 
reciprocally act upon matter. 

Physical astronomy is the science which compares 
and identifies the laws of motion observed on earth, 
with the motions that take place in the heavens ; and 
which traces, by an uninterrupted chain of deductkm 
frcmi the great princii^e that governs the universe, the 
revoh2tH>ns and rotations of the planets, and the oscilla- 
tions (N. 4) of the fluids at their surfaces; and which 
estimates the changes the system has hitherto under- 
gone, or may hereafter experience— changes which 
require millions of years for their accomj^hment. 

The accumulated efforts of astronomers, from the 
earliest dawn of civilization, have been necessary to 
establish the mechanical theory of astronomy. The 
courses of the (^nets have been observed for ages, with 
a degree of perseverance that is astonishing, if we con- 
sider the imperfection and even the want of instruments. 
The real motions of the earth have been separated 
from the apparent motions of the planets ; the laws of 
the planetary revolutions have been discovered ; and 
the discovery of these laws has led to the knowledge of 
the gravitation (N. 5) of matter. On the other hAnd* 
descending from the principle of gravitation, every mo- 
tion in the solar system has been so completely explained t 
that the laws of any astronomical phenomena that may 
hereafter occur, are ah^ady determined. 
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Section I. 

Attraction of a Sphere — Form of Celestial Bodies — Terrestrial Gravitatiim 

. retaiM the Moon in her Orbit — The Heavenly Bodies move in Conic 

Sections— Gravitation proportional to Mass — Gravitaticm of the Particles 

of Matter — Figure uf the Planets — How it atfects the Mptious of their 

- Satellites— Rotation and Translation impressed by the same Impulse — 

Motion of the Sun and Solar System. 

It has been proved by Newton, that a particle of mat- 
ter (N. 6) placed without the surface of a hollow sphere 
(N. 7), is attracted by it in the same manner as if the 
mass of the hollow sphere, or the whole matter it con- 
tains, were collected into one dense particle in its center. 
The same is therefore true of a solid sphere, which may 
be supposed to consist of an infinite number of concentric 
hollow spheres (N. 8). This, however, is not the case 
with a spheroid (N. 9) ; but the celestial bodies are so 
nearly spherical, and at such remote distances from one 
another, that they attract and are attracted as if each 
were condensed into a single particle situate in its center 
of gravity (N. 10) — a circumstance which greatly facili- 
tates the investigation of their motions. 

Newton has shown that the force which retains the 
moon in her orbit, is the same with that which causes 
heavy substances to fall at the surface of the earth. If 
the earth were a sphere, and at rest, a body would be 
equally attracted, that is, it would have the same weight 
at every point of its surface, because the surface of a 
sphere is everywhere equally distant from its center. 
But as our planet is flattened at the poles (N. 11), and 
bulges at the equator, the weight of the same body 
gradually decreases from the poles, where it is greatest, 
to the equator, where it is least. There is, however, a 
certain mean (N. 12) latitude (N. 13), or part of the earth 
intermediate between the pole and the equator, where 
the attraction of the earth on bodies at its surface is the 
game as if it were a sphere ; and experience shows that 
bodies there fall through 16'0697 feet in a second. The 
mean distance (N. 14) of the moon from the earth is 
about sixty times the mean radius (N. 15) of the earth. 
When the number 16-0697 is diminished in the ratio 
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(N. 16) of 1 to 3600, which is the square of the mooD*t 
distaoce (N. 17) from the earth's center, estimated in 
terrestrial radii, it b found to be exactly the space the 
•noon would fall through in the first second of her de- 
scent to the earth, were she not prevented by the cen- 
trifugal force (N. 18^ arising from the velocity with 
which she moves in ner orlut. The moon is thus re- 
tained in her orbit by a force having the same origin, 
and regulated by the same law, with that which causes 
a stone to fall at the earth^s surface. The earth may 
therefore be regarded as the center of a force which 
extends to the moon ; and, as experience shows that the 
action and reaction of matter are equal and contrary 
(N. .19), the moon must attract the earth with an equd 
and contrary force. 

Newton also ascertained that a body projected (N. 20) 
in space (N. 21), will move in a conic section (N. 22), if 
attracted by a force proceeding from a fixed point, with an 
intensity inversely as the square of the distance (N. 23) ; 
but that any deviation from that law will cause it to move 
in a curve of a different nature. Kepler found, by direct 
observation, that the planets descripe ellipses (N. 24^, or 
oval paths, round the sun. Later observations snow 
that comets also move in conic sections. It consequently 
follows, that the sun attracts all the planets and comets 
inversely as the square of their distances from his cen- 
ter ; the sun, therefore, is the center of a force extend- 
ing indefinitely in space, and including all the bodies of 
the system in its action. 

Kepler also deduced from observation, that the squares 
of the periodic times (N. 25) of the planets, or the times 
of their revolutions round the sun, are proportional to 
the cubes of their mean distances from his center 
(N. 26). Hence the intensity of gravitation of all the 
bodies toward the sun is the same At equal distances. 
Consequently, gravitation is proportional to the masses 
(N. 27); for, if the planets and comets were at equal 
distances frc»n the sun, and left to the effects of gravity, 
they would arrive at his surface at the same time 
(N. 28). The satellites also gi'avitate to their prinoiaries 
(N. 29^ according to the same law that their primaries 
do to tne son. Thus, by the law of action and reaction, 
a3 
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each body U itself the center of an attractive force ex* 
tending indefinitely in space, causing all the mntnal dig* 
turbances which render the celestial motions so compli* 
cated, and their investigation so difficult. 

The gravitation of matter directed to a center, and 
attracting directly as the mass, and inversely as thd 
square of the distance, does not belong to it when con- 
mdered in mass only ; particle acts on particle according 
to the same law when at sensible distances from each 
dther. If the sun acted on the center of the earth, with- 
out attracting each of its paiticles, the tides would b^ 
very much greater than they now are, and would altov 
in other respects, be very dilferoDt. The gravitation of 
the earth to the sun results from the gravitation of all its 
particles, which, in their turn, attract the sun in the ra- 
tio of their respective masses. There is a reciprocal 
action, likewise, between the earth and eveiy partide 
at its surface. The earth and a feather nwtually attract 
each other in the proportion of the mass of the earth to 
^e mass of the feather. Were this not the case, and 
were any portion of the eardi, however small, to attract 
another portion, and not be itself attracted, the center of 
gravity of the earth would be moved in space by this 
action, which is impossible. 

The forms of the planets result from the reciprocal 
attraction of their component particles. A detached fluid 
mass, if at rest, would assume the form of a sphere, 
from the reciprocal attraction of its particles. But if the 
mass revolve about an axis, it becomes flattoned at the 
poles, and bulges at the equator (N. 11), in consequence 
of the centrifugal force arising from the velocity of rota- 
tion (N. 30>; for the centrifugal force diminishes the 
gravity of the particles at the equator, and equilibrium 
can only exist where these two forces are balanced by 
an increase of gravity. Therefore, as the attractive force 
is the same on all particles at equal distances from the 
center of a sphere, the equatorial particles would recede 
firom the center, till their increase in number balance 
die centrifugal force by l^eir attraction. Consequently, 
the sphere would become an oblate, or flattened sphe- 
roid ; and a Autd partially or entirely covering a solid, as 
tiie ocean and atmosphere Murer the earth, mwk t 
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tkat fbrm in order to remain in equilibrio. The surfiie^ 
of the sea is therefore spheroidal, and the sur&ce of thd 
earth only deviated from that figure where it rises abo¥d 
or sinks below the level of the sea. But the deviation is 
80 small, that it is nnimportant when compared with thd 
^magnitude of the earth ; for the mightj chtun of the 
Andes, and the jet more lofty Himalaya, bear about the 
aanie propertion to the earth that a grain of sand does ta 
a globe three feet in diameter. Such is the fbrm of thd 
earth and planets. The compression (N. 31) or flatten- 
ing at their poles is, however, so small, that even Jupiter, 
whose rotation is the most rapid, and therefore the most 
elliptical of the planets, may, from his great distance, be 
reg^urded as spherical. Although the planets attract 
each other as if they were spheres, on account of their 
distances, yet liie satellites (N. 32) are near enough to 
bd aenaibly affected in their motions by the forms of 
then* |HrimarJes. The moon, for example, is so near 
the earth, that the reciprocal attraction between each of 
hor particles, and each of the particles in the prominent 
mass at the terrestrial equator, occasions considerable 
dittariances in the motions of both bodies ; for the ac- 
tioii of die moon on the matter at the earth's equator, 
produces a nutation (N. 33) in the axis (N. 34) of rotatiott« 
and the reaction of that matter on the moon is the causa 
of a oorreaponding nutation in the lunar orbit (N. 35). 

If a sphere at rest in spaee receive an impulse passing 
through its center of gravity, all its parts will meve with 
an equal velocity in a straight line ; but if the impulse 
does net pass though the center of gravity, its partsclea, 
having unequal velocities, will have a rotatory or revolv- 
ing motion, at the same time that it is translated (N. 36) 
in space. These motions are independent of one an« 
other ; so that a contrary hnpulse, passing through itt 
center of gravity, will impede its progress, without in- 
tarfering with its rotation. As the sun rotates about aa 
aziSr it seems probable, if an impulse in a contrary direo<& 
taoH has aet been given to his center of gravity, that ha 
moves in space, accompanied by all those bodies which 
compose the solar system — a circumstance whiph would 
in no way interfere with their relative mql^ons ; for, hi 
aansa4|ciaaca of the principle, that force is proportional 
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to velocity (N. 37), the reciprocal attractions of a system 
remain the same, whether its center of gravity be at 
rest, or moving uniformly in space. It is computed that, 
had the earth received its motion from a single impulse, 
that impulse must have passed through a point about 
twenty-five miles from its center. 

Since the motions of rotation and translation of the 
planets are independent of each other, though probably 
communicated by the same impulse, they form separate 
subjects of investigation. 



Section II. 



Elliptical Moti<m--Meui and True Motioii~Equiiioctial—-Ec1iptio— Equi- 
noxes — Mean and True Longitude — Equation of Center-^Inclinatiun of 
the Orbits df Planets — Celestial Latitude — Nodes^Elemento of an Oxirit 
— Undisturbed or Elliptical Orbits — Great Inclination oi the Orbits of 
the new Planets — Universal Gravitation the Cause of Perturbations in 
the Motions of the Heavenly Bodies — Problem of the Three Bodies- 
Stability of Solar System depends upon the Primitive Momentum of the 
Bodies. 

A PLANET moves in its elliptical orbit with a velocity 
varying every instant, in consequence of two forces, one 
tendjng to the center of the sun, and the other in the 
direction of a tangent (N. 38) to its orbit, arising from 
th^ primitive impulse, given at the time when it was 
launched into space. Should the force in the tangent 
cease, the planet would fall to the sun by its gravity. 
Were the sun not to attract it, the planet would fly off 
in the tangent Thus, when the planet is at the point 
of its orbit farthest from the sun, his action overcomes 
the planet's velocity, and brings it toward him with 
such an accelerated motion, that at last it overcomes the 
sun's attraction ; and shooting past him, gradually de- 
creases in velocity, until it arrives at the most distant 
point, where the sun's attraction again prevails (N. 39). 
In this motion the radii vectores (N. 40), or imaginary 
lines joining the centers of the sun and the planets, pass 
over equal areas or spaces in equal times (N. 41). 

The mean distance of a planet from the sun is equal 
to half the major axis (N. 42) of its orbit : if, therefore, 
the planet described a circle (N. 43) roynd the sTin at 
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its mean distance, the motion would be uniform, and 
the periodic time unaltered, because the planet would 
arrive at the extremities of the major axis at the same 
instant, and would have the same velocity, whether it 
moved in the circular or elliptical orbit, since the curves 
coincide in these points. But, in every other part^ the 
elliptical or true motion (N. 44) would either be faster 
or slower than the circular or mean motion (N. 45). As 
it is necessary to have some fixed point in the heavens 
from whence to estimate these motions, the vernal equi- 
nox (N. 46) at a given epoch has been chosen. The 
equinoctial, which is a great circle traced in the starry 
heavens by the imaginary extension of the plane of the 
terrestrial equator, is intersected by the ecliptic, or ap- 
parent path of the sun, in two points diametrically oppo- 
site to one another, called the vernal and autumnal 
equinoxes. The venal equinox is the point through 
which the sun passes, in going from the southern to the 
northern hemisphere ; and the autunmal, that in which 
he crosses from the northern to the southern. The 
mean or circular motion of a body, estimated from the 
vernal equinox, is its mean longitude ; and its eUiptical, 
or true motion, reckoned from that point, is its true lon- 
gitude (N. 47) : both being estimated from west to east, 
the direction in which the bodies move. The difference 
between the two is called the equation of the center 
(N. 48); which consequently vanishes at the apsides 
(N. 49), or exti'emities of the major axis, and is at its 
maximum ninety degrees (N. 50) distant from these 
points, or in quadratures (N. 51), where it measures 
the eccentricity (N. 52) of the oi'bit ; so that the place 
of a planet in its elliptical orbit is obtained, by adding or 
subtracting the equation of the center to or from its 
mean longitude. 

The ort>its of the planets have a very small obliquily 
or incl'mation (N. 53) to the plane of the ecliptic in which 
the earth moves ; and on that account, astronomers refer 
their motions to this plane at a given epoch as a known 
and fixed position. The angular distance of a planet 
from the plane of the ecliptic is its latitude (N. 54) ; 
which is south or north, according as the planet is south 
ur north of that plao«. When the planet is in the plane 
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of the ecliptic, its latitude is sero : it is then said to b^ 
in its nodes (N. 55). The ascending node is that point 
in the ecliptic, through which the i^anet passes, in going 
from the southern to the northern hemisphere. The 
descending node is a corresponding point in the plane of 
the ecliptic diametrically opposite to the other, throogh 
which the planet descends in going from the niHtheni 
to the southern hemisphere. The longitude and lati* 
tude of a planet cannot be obtained by direct observa'^ 
tion, but are deduced from observations made at th« 
sur^ce of the earth, by a very simple computation* 
These two quantities, however, will not give tiie plactf 
of a planet in space. Its distance from the sun (N. 66) 
must also be known ; and, for the complete determina"* 
tion of its elliptical motion, the nature and position of iti 
orbit must be ascertained by observation. This dependi 
upon seven quantities, called ther elements of the orbit 
(N. 57). These are, the length of the major axis, and 
the eccentricity, which determine the form of the orbits 
the longitade of the planet when at its least distance 
from the sun, called the longitude of the perihelion ; tiie 
inelinataon of the orbit to the plane of the ecliptic, and 
the longitude of its ascending node ; these give the po« 
sition of the orbit in space ; but the periodic time, an4 
the longitude of the planet at a given instant, called thU 
longitude of the epoch, are necessary for finding tlie 
pla^ of the body in its orbit at all times. A. perfect 
knowledge of these seven elements is requisite, for as* 
certaining all the circumstances of undisturbed elliptieri 
motion. By such means it is found, that the paths ef 
the planets, when their mutual disturbances are omitted^ 
are ellipses neatly approaching to circles, whose planes, 
slightly inclined to the ecliptic, cut it in straight linea^ 
passing through the center of the sun (N. 58). The 
orbtto of the recently discovered planets deviate more 
from the ecliptic than those oi the ancient planets ; that 
of PaUas, for instance, has an inclination of 34° 37' 50'9f^ 
to it ; on which account it is more difficult to determine 
their motions. 

Were the {Janets attracted by the sun oniy, thejp 
would always move in ellipses, invariable in form and 
position; and because his action is ^mportionid to hie 
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mass, which is much larger than that of all the planati 
pot together, the elliptical is the nearest approximatioD 
to their true motions. The true motions c€ the planets 
are extremely com];dicated, in consequence of their 
mutnal attraction; so that thej do not move in any 
known or symmetrical curre, bnt in paths now ap« 
proaohing to, now receding from, the «Diptieal form; 
and their radii Tectores do not describe areas or spacee 
exactly proportional to the time, so that the areas be* 
come a test of disturbing forces. 

To determine the motion of each body, when dis* 
tdiiied by all the rest, is beyond the power of analysis^ 
It is therefore necessary to estimate the disturbing ae^ 
tkm of one planet at a time, whence the celebrated 
problem of the three bodies, originally applied to the 
nioon, the earth, and the sun; namely, the massea 
being given ef three bodies projected from three given 
pQintSf with velocities given both in quantity and direc- 
tioo ; and, supposing the bodies to gravitate to one an- 
ocher with forces that are directly as their masses, and 
iaversety as the squares of the distances, to find the 
lines described by these bodies, and th^ positions at 
any given instant : or, in other words, to determine the 
ptib. of a celestial body when attracted by a second body, 
and disturbed in its motion round the second body by a 
third — a problem equally applicable to [Janets, satellites, 
and comets. 

By this problem the motions of translation of the 
celestial bodies are determined. It is an extremely 
difficult one, and would be infinitely more so, if the dis- 
turbing action were not very small when compared with 
the central force; tiiat is, if the action of the planets on 
oiie another were not very small when compared with 
that of the sun. As the disturbing influence of each 
body may be found separately, it is assumed that tjie 
action of the whole system, in disturbing any one planet, 
IS etpial to the sum of all the particular disturbances it 
experiences, on the general mechanical principle, that 
the sum of any number of smRU oscillations is nearly 
equal to their simultaneous and joint effect. 

On account of the reciprocal action of matter, tiie 
stability of. the system depends upon the intensity of the 
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primitive momentum (N. 59) of the placets, and the 
ratio of their masses to that of the sun ; for the nature 
of the conic sections in which the celestial bodies move, 
depends upon the velocity with which they were first 
propelled in space. Had that velocity been such as to 
make the planets move in orbits of unstable. equilibrium 
(N. 60), their mutual attractions might have changed 
them into parabolas, or even hyperbolas (N. 22); so 
that the earth and planets might, ages ago, have been 
sweeping far from our sun through the abyss of space. 
But as the orbits differ very little from circles, the mo- 
mentum of the planet, when projected, must have been 
exactly sufficient to insure the permanency and stability 
of the system. Besides, the mass of the sun is vastly 
greater than that of any planet ; and as the'ur inequali- 
ties bear the same ratio to their elliptical motions, that 
their masses do to that of the sun, their mutual disturb- 
ances only increase or diminish the eccentricities of their 
orbits, by very minute quantities ; consequently the mag- 
nitude of the sun^s mass is the principal cause of the 
stability of the system. There is not in the physical 
world a more splendid example of the adaptation of 
means to the accomplishment of an end, than is exhib- 
ited in the nice adjustment of these forces, at. once the 
cause of the variety and of the order of Nature. 



Section III. 



Perturbations, Periodic and Circular — Disturbing Action equivalent to 
three Partial Forces — Tangential Force the Cause of the Periodic Ina 
qualities in Longitude, and Secular Inequalities in the Form and Position 
of the Orbit in its own Plane — Radial Force the Cause of Variations in 
the Planet's Distance from the San — It combines with the Tangential 
Force to produce the Secular Variations in the Form and Position of the 
C^rbit in Us own Plane — Perpendicular Force the Cause of Periodic Per- 
turbations in Latitude, and Secular Variations in the Position of the 
Orbit with regard to the Plane of the Ecliptic — Mean Motion and Major 
Axis Invariable — Stability of System — Effects of a Resisting Medium — 
Invariable Plane of the Solar System and of the Universe — Great Ine« 
quality of Jupiter and Saturn. 

The planets are subject to disturbances of two kinds, 
both resulting from the constant operation of their recip- 
rocal attraction : one kind, depending upon their posi- 
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tions with regard to each other, begins from zero, in- 
creases to a maximum, decreases, and becomes zero 
again, when the planets return to the same relative 
positions. In consequence of these, the disturbed planet 
is sometimes drawn away from the sun, sometimes 
brought nearer to him : sometimes it is accelerated in 
its motion, and sometimes retarded. At one time it is 
drawn above the plane of its orbit, at another time below 
it, according to the position of the disturbing body. All 
such changes, being accomplished in short periods, some 
in a few months, others in years, or in hundreds of 
years, are denominated periodic inequalities. The in- 
equalities of the other kind, though occasioned likewise 
by the distui-bing energy of the planets, are entirely in- 
dependent of Aeir relative positions. They depend 
upon the relative positions of the orbits alone, whose 
forms and places in space are altered by very minute 
quantities, in immense periods of time, and are, there- 
fore, called secular inequalities. 

The periodical perturbations are compensated, when 
the bodies return to the same relative positions with 
regard to one another and to the sun : the secular ine- 
qualities are compensated, when the orbits return to 
tiie same positions relatively to one another, and to the 
plane of the ecliptic. 

Planetary motion, including both these kinds of dis- 
turbance, may be represented by a body revolving in an 
ellipse, and making small and transient deviations, now 
on one side of its path, and now on the other, while the 
ellipse itself is slowly, but perpetually, changing both in 
form and position. 

The periodic inequalities are merely transient devi- 
ations of a planet from its path, the most remarkable of 
which only lasts about 918 years; but, in consequence 
of the secular disturbances, the apsides, or extremities 
of the major axes of all the orbits, have a direct but 
variable motion in space, excepting those of the orbit of 
Venus, which are retrograde (N. 61), and the lines of 
the nodes move with a variable velocity in a contrary 
direction. Besides these, the inclination and eccen- 
tricity of every orbit are in a state of perpetual but slow 
change. These effects result from the disturbing'action 
B 
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of all the planets on each. But as it is only necessary 
to estimate the disturbing influence of one body at a 
time, what follows may convey some idea of the manner 
in which one planet disturbs the elliptical motion of 
another. 

, Suppose two pkmets moving in ellipses round the sun ; 
if one of them attracted the other and the sun with 
equal intensity, and in parallel directions (N. 62), it 
would have no effect in disturbing the elliptical motion. 
The inequality of this attraction is the sole cause of 
perturbation, and the difference between the disturbing 
planet's action on the sun and on the disturbed planet 
constitutes the disturbing force, which consequently 
varies in intensity and direction with every change in 
the relative positions of the three bodies. Although 
both the sun and planet are under the influence of the 
disturbing force, the motion of the disturbed planet is 
referred to the center of the sun as a fixed point, for 
convenience. The whole force (N« 63) which disturbs 
a planet is equivalent to three partial forces. One of 
Uiese acts on the disturbed planet, in the direction of a 
tangent to its orbit, and is oedled the tangential force : it 
occasions secular inequalities in the form and position of 
the orbit in its own plane, and is the sole cause of the 
periodical perturbations in the planet's longitude. An- 
other acts upon the same body in the direction of its 
radius vector, that is, in the line joining the centers of 
the sun and planet, and is called the radial force : it 
produces periodical changes in the distance of the planet 
from the sun, and afiects the form and position of the 
orbit in its own plane. The third, which may be called 
the perpendicular force, acts at right angles to the plane 
of the orbit, occasions the peric^ic inequalities in the 
planet's latitude, and afiiscts the position of the orbit 
with regard to the plane of the ecliptic. 

It has been observed, that the radius vector of a 
planet moving in a perfectly elliptical orbit, passes over 
equal spaces or areas in equal times; a circumstance 
which is independent of the law of the force, and would 
be the same whether it varied inversely as the square 
of the distance, or not, provided only that it be directed 
to the center of the ^xuu Hence Uie tangential foroe. 
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not being directed to the center, occasions an unequable 
description of areas, or, what is the same thing, it dis* 
tnrbs the motion of the planet in longitude. The tan- 
gential fcorce sometimes accelerates the planet*s motion, 
sometimes retards it, and occasionally has no effect atalL 
Were the orbits of both planets circular, a complete 
compensation would take place at each revolution of the 
two planets, because the arcs in which the accelerations 
and retardations take place, would be symmetrical on 
each side of the disturbing force. For it is clear, that 
if the motion be accelerated through a certain space, and 
then retarded through as much, tibe motion at the end 
of the time will be the same as if no change had taken 
place. But, as the wbits of the planets are ellipses, this 
symmetry dioes not hold ; for, as the planet moves un- 
equably in its orbit, it is in some positions more directly, 
and for a longer time, under the influence of the dis- 
turbing force than in others. And although multitudes 
of variations do compensate each other in short periods, 
there are others, depending on peculiar relations among 
the periodic times of* the planets, which do not compen- 
sate each other till after one, or even till after many 
r#volutions of both bodies. A periodical ifkequality of 
this kind in the motions of Jupiter imd Saturn, has a 
period oi no less than 918 years. 

The radial force, or that part of the disturbing force 
which acts in the direction of the line joining the centers 
of the sun and disturbed planet, has no effect on the 
areas, but is the cause of periodical changes of small 
extent in the distance of the planet from the sun. It 
has already been shown, that the force producing per- 
fectiy elliptical motion varies inversely as the square of 
the distance, and that a force following any other law 
would cause the body to move in a curve of a very dif- 
ferent kind. Now, the radial disturbing force varies 
directly as the distance ; and, as it sometimes combines 
with and increases liie intensity of the sun's attraction 
for the disturbed body^ and at other times opposes and 
consequently diminishes it, in both cases it causes the 
sun's attraction to deviate i^m the exact law of gravity, 
i^id the whole action of this compound central force on 
tiw distwrb«d body is either greater or 1^ than what is 
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requisite for perfectly elliptical motion. When greater, 
the curvature of the disturbed planet's path on leaving 
its perihelion (N. 64), or point nearest the sun, is 
greater than it would be in the ellipse, which brings the 
planet to its aphelion (N. 65), or point farthest from the 
sun, before it has passed through 180°, as it would do 
if undisturbed. So that in this case the apsides, or ex- 
tremities of the major axis, advance in space. When 
• the central force is less than the law of gravity requires, 
the curvature of the planefs path is less than the cur- 
vature of the ellipse. So that the planet, on leaving its 
perihelion, would pass through more than 180° before 
arriving at its aphelion, which causes the apsides to re- 
cede in space (N. 66). Cases both of advance and re- 
cess occur during a revolution of the two planets ; but 
those in which the apsides advance, preponderate. 
This, however, is not the full amount of the motion of 
the apsides ; pait arises also from the tangential force 
(N. 63), which alternately accelerates and retards the 
velocity of the disturbed planet. An increase in the 
planet's tangential velocity diminishes the curvature of 
its orbit, and is equivalent to a decrease of central force. 
On the contrary, a decrease of the tangential velocity, 
which increases the curvature of the orbit, is equivalent 
to an increase of central force. These fluctuations, 
owing to the tangential force, occasion an alternate re- 
cess and advance of the apsides, after the manner 
already explained (N. 66), An uncompensated portion 
of the direct motion arising from this cause, conspires 
with that already impressed by the radial force, and in 
some cases even nearly doubles the direct motion of 
these points. The motion of the apsides may be repre- 
sented, by supposing a planet to move in an ellipse, 
while the ellipse itself is slowly revolving about the sun 
in the same plane (N. 67). This motion of the major 
axis, which is direct in all the orbits except that of flie 
planet Venus, is irregular, and so slow, that it requires 
more than 109,830 years for the major axis of the 
earth's orbit to accomplish a sidereal revolution (N. 68), 
that is, to return to the same stars ; and J>0,984 years 
to complete its tropical revolution (N. 69), or to return 
to the same equinox. The difference between these 
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two periods arises from a retrograde motion in the 
equinoctial point, which meets the advancing axis be- 
fore it has completed its revolution with regard to the 
stars. The major axis of Jupiter's orbit requires no 
less than 200,610 years to perform its sidereal revolution, 
and 22,748 years to accomplish its tropical revolution 
from the disturbing action of Saturn alone. 

A variation in the eccentincity of the disturbed planet's 
orbit, is an immediate consequence of the deviation from 
elliptical curvature, caused by the action of the dis- 
turbing force. When the path of the body, in pro- 
ceeding from its perihelion to its aphelion, is more curved 
than it ought to be from the eflfect of the dbturbing forces, 
it &lls within the elliptical orbit, the eccentricity is di- 
minished, and the orbit becomes more nearly circular ; 
when that curvature is less than it ought to be, the path 
of the planet falls without its elliptical orbit (N. 66), and 
the eccentricity is increased : during these changes, the 
length of the major axis is not altered, the orbit only 
bu^es out, or becomes more flat (N. 70). Thus the 
variation in the eccentricity arises from the same cause 
that occasions the motion of the apsides (N. 67). There 
is an inseparable connection between these two ele- 
ments ; they vary simultaneously, and have the same 
period ; so that while the major axis revolves in an im- 
mense period of time, the eccentricity increases and 
decreases by very small qu^tities, and «t length returns 
to its original magnitude at each revolution of the ap- 
sides* The terrestrial eccentricity is decreasing at the 
rate of about 40 miles annually ; and, if it were to de- 
crease equably, it would be 39,861 years before the 
earth's orbit became a circle. -The mutual action of 
Jupiter and Saturn occasions variations in the eccentri- 
city of both orbits, the greatest eccentricity of Jupiter's 
orbit corresponding to the least of Saturn's. The 
period in which these vicissitudes are accomplished is 
70,414 years, estimating the action of these two planets 
alone : but if the action of all the planets were estimated, 
the cycle would extend to millions of years. 

That part of the disturbing force is now to be con- 
sidered which acts perpendicularly to the plane of the 
orbit, causing periodic perturbations in latitude, secular 
2 ^ b2 
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TariatioDft in the inelination of the orbit, and a retrograde 
motion to its nodes on the true plane of the ecliptic 
(N. 71). This force tends to pull the disturbed body- 
above, or push (N. 72) it below, the plane of its orbit, 
according to the relative positiona of the two planets with 
regard to the sun, considered to be fixed. By this 
action, it sometimes makes the plane of the orbit of the 
disturbed body tend to coincide with the plane of the 
ecliptict and sometimes increases its inclination to that 
plane. In consequence of which, its nodes alternately 
recede or advance on the ecliptic (N. 73). When the 
disturbing planet is in the line of the disturbed planet*s 
nodes (N. 74), it neither affects these points, theladtude, 
nor the inclination, because both planets are then in tiie 
same plane. When it is at right angles to the line of 
the nodes, and the orbit symmetrical on ea^ side of the 
4istarbing force, the average motion of these points, 
after a revolution of the disturbed body, is retrograde, 
and comparatively rapid ; but when the disturbing planet 
18 so situated that the orbit of the disturbed planet is not 
symmetrical on each side of the disturbing force, which 
is most frequently the case, every possible variety of 
action takes place. Consequently, the nodes are per- 
petually advancing or receding with unequal velodty ; 
but, as a compensation is not effected, their motion ta> 
en the whole, retrograde. 

. With regard to die variations in the inclination^ it is 
clear, that, when the orbit is symmetrical on each side 
of the disturbing force, all its variations are compensated 
after a revolution of the disturbed body, and are merely 
periodiod perturbations in the planet's latitude ; and no 
secular change is induced in the^ inclination of t^e orbit. 
When, on the contrary, that orbit is not symmetrical on 
each side of the disturbing force, although many of the 
variations in latitude are transient or periodical, still, 
after a complete revolution of the disturbed body, a 
portion remains uncompensated, which forms a secular 
change in the inclination of the orbit to the plane of the 
ecliptic. It is true, part of this secular change In the 
inclination is compensated by the revolution of the dis- 
turb'mg body, whose motion has not hitherto been taken 
uito the iccottiU, so that perttniiatiQB compensates per* 
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torbation ; but still, a comparatively permanent change 
18 effected in the inclination, which is not compensated 
tiD the nodes have accomplished a complete revolution. 

The changed in the inclination are extremely minnte 
(N. 75)9 compared with the motion of the nodes, and 
there is the same kind of inseparable connection between 
their secular changes that there is between the Tariation 
of the eccentricity and the motion of the major axis. 
The nodes and inclinations vary simultaneously, their 
periods are the same, and very great The nodes of 
Jupiter's orbit, from the action of Saturn alone, require 
36,261 years to accomplish even a tropical revolution. 
In what precedes, the influence of only one disturbing 
body has been considered ; but when the action and re- 
action of the whole system is taken into account, every 
planet is acted upon, and does itself act, in this manner, 
on all the others ; and the joint effect keeps the incli- 
nations and eccentricities in a state of perpetual variation. 
It makes the major axis of all the orbits continually re- 
volve, and causes, on an average, a retn^rade motion of 
the nodes of each orbit upon every other. The ecliptic 
(N. 71) itself is in motion from the mutual action of the 
earth and planets, so that the ^ole is a compound phe- 
nomenon of great complexity, extending through un- 
Imown ages. At the present tame the inclinations of all 
the orbits are decreasing, but so slowly, that the incli' 
nation of Jupiter's orbit is only about six minutes less 
than it was in the age of Ptolemy. 

But, in the midst of all these vicknitudes, the length 
of the major axis and the mean motions of the planets 
remain permanently hidependent of secular changes. 
They are so connected by Kepler's law, of the squares 
of the periodic times being proportional to the cubes of 
the mean distances of the planets from the sun, that one 
dinnot vary without affecting the other. And it is 
proved, that any variations which do take place are 
transient, and depend only on the relative positions of 
the bodies. 

It is true that, atcording to theory, the radial disturb- 
ing force should permanently alter the dimensions of all 
ttM orbits, and the periodic times of all the pknets, to a 
ctttaia degnae. For enmptot tiie massee of all the 
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planets revolving within the orbit of any one, such as 
Mars, by adding to the interior mass, increase the at- 
tracting force of the sun, which, therefore, must con- 
tract the dimensions of the orbit of that planet, and di- 
minish its periodic time ; while the planets exterior to 
Mars' orbit must have the contrary effect. But the 
mass of the whole of the planets and satellites taken to- 
gether is so small, when compared with that of the sun, 
that these effects are quite insensible, and could only 
have been discovered by theory. And, as it is certain 
that the length of the major axes and the mean motions 
are not permanently changed by any other power what- 
ever, it may be concluded that they are invariable. 

With the exception of these two elements, it appears 
that all the bodies are in motion, and every orbit in a 
state of perpetual change. Minute as. these changes 
are, they might be supposed to accumulate in the course 
of ages, sufficiently to derange the whole order of na- 
ture, to alter the relative positions of the planets, to put 
an end to the vicissitudes of the seasons, and to bring 
about collisions which would involve our whole system^ 
now so harmonious, in chaotic confusion. It is natural 
to inquire, what proof exists that nature will be pre- 
served from such a catastrophe ? Nothing can be known 
from observation, since the existence of the human race 
has occupied comparatively but a point in duration, 
while these vicissitudes embrace myriads of ages. The 
proof is simple and conclusive. All the variations of 
the solar system, secular as well as periodic, are ex- 
pressed analytically by the sines and cosines of circular 
arcs (N. 76), which increase with the. time ; and, as a 
sine or cosine can never exceed the radius, but must 
oscillate between zero and unity, however much the 
tame may increase, it follows that, when the variations 
have accumulated to a maximum, by slow changes, in 
however long a time, they decrease, by the same slow 
degrees, till they arrive at their smallest value, again to 
begin a new course ; thus forever oscillating about a 
mean value. This circumstance, however, would be 
insufficient, were it not for the small eccentricities of 
the planetary orbits, their minute inclinations to the 
plane of the ecliptic, and theirevolations of all the bodies. 
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as well i^nets as satellites, in the same direction. 
These secure the perpetual stability of the solar system 
(N. 77). The equilibrium, however, would be de- 
ranged, if the pknets moved in a resisting medium 
(N. 78) sufficiently dense to diminish their tangential 
velocity, for then both the eccentricities and the major 
axes of the orbits would vary with the time, so that the 
stability of the system would be ultimately destroyed. 
The existence of an ethereal fluid is now proved ; and 
although it is so extremely rare that hitherto its effects 
on the motions of the planets have been altogether in- 
sensible, there can be no doubt that, in the immensity 
of time, it will modify the forms of the planetary orbits, 
and may at last even cause the destruction of our sys- 
tem, which in itself contains no principle of decay, unless 
a rotatoiy motion from west to east has been given to this 
fluid by the bodies of the solar system, which have aU 
been revolving about the sun in that direction for un- 
known ages. This rotation, which seems to be highly 
probable, may even have been coeval with its creation. 
. Such a vortex would have no effect on bodies moving 
with it, but it would influence the motions of those re- 
volving in a contrary direction. It is possible that the 
disturbances experienced by comets which have already 
revealed the existence of this fluid, may also, in time, 
disclose its rotatory motion. 

The form and position of the planetary orbits, and the 
motion of the bodies in the same direction, together with 
the periodicity of the terms in which the inequalities 
are expressed, assure us that the variations of the sys- 
tem are confined within very narrow limits, and that, 
although we do not know the extent of the limits, nor 
the period of that grand cycle which probably embraces 
miUions of years, yet they niBver will exceed what is 
requisite for the stability and harmony of the whole, for 
the preservation of which every circumstance is so beau- 
tifully and wonderfully adapted. 

The plane of the ecliptic itself, though assumed to be 
fixed at a given epoch for the convenience of astronomi- 
cal computation, is subject to a minute secular variation 
of 45"'7, occasioned by the reciprocal action of the plan- 
ets. But^ as this is also periodical, and cannot exceed 
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2° 42', the terrestrial equator, which is inclined to it at 
an angle of 23° 27' 34"-69, will never coincide with the 
plane of the ecliptic : so there never can be perpetual 
sfH'ing (N. 79). The rotation of the earth is uniform ; 
therefore day and night, summer and winter, will con- 
tinue liieir vicissitudes while the system endures, or it 
undisturbed by foreign causes. 

•' Yonder starry sphere 
Of planets and of fix'd, in all her wheels 
Resembles nearest mazes intricate. 
Eccentric, inten'olved, yet regular, 
Then most, when most irregular they seem." 

The stability of our system was established by La 
Grange : " a discovery," says Professor Playfair, " that 
must render the name forever memorable in sciencet 
and revered by those who delight in the contemplation 
of whatever is excellent and sublime." After Newtcm's 
discovery of the mechanical laws of the elliptical orbits 
of the planets, La Grange's discovery of their periodical 
inequalities is, without doubt, the noblest truth in physi- 
cal astronomy ; and in respect of the doctrine of final 
causes, it may be regarded as the greatest of all. 

Notwithstanding the permanency of our system, the 
secular variations in the planetary orbits would have 
been extremely embarrassing to astronomers when It 
became necessary to compare observations separated by 
long periods. The difficulty was in part obviated, and 
the principle for accomplishing it established, by La 
Place, and has since been extended by M. Poinsot. It 
appears that there exists an invariable plane (N. 80), 
passing through the center of gravity of the system, 
about which the whole osciUates within very narrow 
limits, and that this plane will always remain parallel to 
itself, whatever changes time may induce in the orbits 
of the planets, in the plane of the elliptic, or even in 
the law of gravitation; provided only that our system 
remains unconnected with any other. The position of 
the plane is determined by this property — that, if each 
particle in the system be multiplied by the area de- 
scribed upon this plan in a given time, by the projection 
of its radius vector about the common center of gravity 
of the whol^, the sum of all these products will be a 
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maximum (N. 81). La Place found that the plane in 
question is inclined to the ecliptic at an angle of nearhjr 
1° 34' lb'\ and that, in passing through tbe sun. and 
about midway between the orbits of Jupiter and Saturn, 
it maj be regarded as the equator of the solar system, 
dividing it into two parts, which balance one another in 
all their motions. This plane of greatest inertia, by no 
means peculiar to the solar system, but existing in every 
system of bodies submitted to their mutual attractions 
only, always maintains a fixed position, whence the 
oscillations of the system may be estimated through 
unlimited time. Future astronomers will know, from 
its immutability or variation, whether the sun and hit 
attendants are connected or not with the other systems 
of the universe. Should there be no link between them, 
it may be inferred, from the rotation of the sun, that 
the center of gravity (N. 82) of the system situate withitt 
his mass describes a straight line in this invariable plan« 
or great equator of the solar system, which, unaffected 
by the changes of time, will maintain its stability through 
endless ages. But, if the fixed stars, comets, or any 
unknown and unseen bodies, affect our sun and planets, 
the nodes of this plane will slowly recede on the plane 
of that immense orbit which the sun may describe about 
some most distant center, in a period which it transcends 
the powers of man to determine. There is every rea- 
son to believe that this is the case ; for it is more than 
probable that, remote as the fixed stars are, they in 
some degree influence our system, and that even the 
invariability of this plane is relative, only appearing fixed 
to creatures incapable of estimating its minute and slow 
changes during the sfnall extent of time and space grant- 
ed to the human race. **The development of such 
changes,'* as M. Poinsot justly observes, ** is similar to 
an enormous curve, of which we see so small an are, 
that we imagine it to be a straight line.'* If we raise 
our views to the whole extent of the universe, and con- 
sider the stars, together with the sun, to be wandering 
bodies, revolving about the common center of creation, 
we may then recognize in the equatorial plane passing^ 
through the center of gravity of the universe the onl^ 
iDfttanee of absolute and eternal repose. 
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All the periodic and secular inequalities deduced from 
the law of gravitation are so perfectly confirmed by 
observation, that analysis has become one of the most 
certain means of discovering the planetary irregularitiesi 
either when tiiey are too small, or too long in their 
periods, to be detected by other methods. Jupiter and 
SaturUj however, exhibit inequalities which for a long 
time seemed discordant with that law. All observations, 
from those of the Chinese and Arabs down to the pres- 
ent day, prove that for ages the mean motions of Jupiter 
and Saturn have been affected by a great inequality of 
a very long period, forming an apparent anomaly in the 
theory of the planets. It was long known by observa- 
tion that five times the mean motion of Saturn is nearly 
equal to twice that of Jupiter: a relation which the 
sagacity of La Place perceived to be the cause of a 
periodic hregularity in the mean motion of each of these 
planets, which completes its period in nearly 918 years, 
the one being retarded while the other is accelerated ; 
but both the magnitude and period of these quantities 
vary in consequence of the secular variations in the 
elements of the orbits. Suppose the two planets to be 
on the same side of the sun, and all three in the same 
straight line, they are then said to be in conjunction 
(N. 83). Now, if they begin to move at the same time, 
one making exactly five revolutions in its orbit, while the 
other only accomplishes two, it is clear that Saturn, the 
slow-moving body, will only have got through a part of 
its orbit during the time that Jupiter has made one 
whole revolution and part of another, before they be 
again in conjunction. It is found that during this time 
their mutual action is such as to produce a great many 
perturbations which compensate each other, but that 
there still remains a portion outstanding, owing to the 
length of time during which the forces act in the same 
manner ; and if the conjunction always happened in the 
same point of the orbit, this uncompensated inequality 
in the mean motion would go on increasing till the peri- 
odic times and forms of the orbits were completely and 
permanently changed : a case that would actually take 
place if Jupiter accomplished exactly five revolutions in 
the time Saturn performed two. These revolutiqiis 
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are, however, not exactly commensurable ; the points in 
which the conjunctions take place are in advance each 
time as much as 8°*37 ; so that the conjunctions do not 
ha{^en eiuictly in the same points of the orbits till after 
a period of 850 yeai's ; and, in consequence of this small 
advance, the planets are brought into such relative posi- 
tions that the inequality which seemed to threaten the 
stability of the system is completely compensated, and 
the bodies, having returned to the same relative positions 
with regard to one another and the sun, begin a new 
course. The secular variations in the elements of the 
orbit increase the period of the inequality to 918 years 
(N. 84). As any perturbation which aflects the mean 
motion afiects also the major axis, the disturbing forces 
tend to diminish the major axis of Jupiter's orbit and 
increase that of Saturn's during one half of the period, 
and the contrary during the other half. This inequality 
is strictly periodical, since it depends upon the configura- 
tion (N. 85) of the two planets ; and theory is confirmed 
by observation, which shows that, in the coui*se of twenty 
centuries, Jupiter's mean motion has been accelerated 
by about 3° 23', and Saturn's retarded by 6° 13'. Sev- 
eral instances of perturbations of this kind occur in the 
solar system. One, in the mean motions of the Earth 
and Venus, only amounting to a few seconds, has been 
recently worked out with immense labor by Professor 
Airy. It accomplishes its changes in 240 years, and 
arises from the circumstance of thirteen times the peri- 
odic time of Venus being nearly equal to eight times 
that of the Earth. Small as it is, it is sensible in the 
motions of the Earth. 

It might be imagined 1;hat the reciprocal action of such 
planets as have satellites would be different from the 
influence of those that have none. But the distances of 
the satellites from their primaries are incomparably less 
than the distances of the planets from the sun, and from 
one another; so that the system of a planet and its 
satellites moves nearly as if all these bodies were united 
in their common center of gravity. The action of the 
sun, however, in some degree disturbs the motion of the 
satellites about their primary. 

C 
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Section IV. 

Theory of Japiter*8 Satellites — Effects of the Fi'giire of Japiter xipon his 
Satellites — Position of their Orbits — Singular Laws among the Motioas 
of the first three Satellite*— Eclipses of the Satellites— Velocity of Light 
—Aberration — Ethereal Medium — Satellites of Saturn and Uranus. 

The changes which take place in the planetary eyi- 
tern are exhibited on a smaller scale by Jupiter and hit 
satellites ; and, as the period requisite for the develop* 
ment of the inequalities of these moons only extends to 
a few centuries, it may be regarded as an epitome of 
that grand cycle which will not be accomplished by th« 
planets in myriads of ages. The revolutions of the 
satellites about Jupiter are precisely similar to those of 
the planets about the sun : it is true they are disturbed 
by the sun, but his distance is so gi'eat, that their 
motions are nearly the same as if they were not under 
his influence. The satellites, like the planets, were 
probably projected in elliptical orbits : but, as the masses 
of the satellites are nearly 100,000 times less than that 
of Jupiter ; and as the compression of Jupiter's sphe- 
roid is so great, in consequence of his rapid rotation, 
that his equatorial diameter exceeds his polar diameter 
by no less than 6000 miles; the immense quantify c^ 
prominent matter at his equator must soon nave given 
the circular form observed in the orbits of the first and 
second satellites, which its superior attraction will al- 
ways maintain. The third and fourth satellites, being 
farther removed from its influence, revolve in orbiti 
with a very small eccentricity. And although the first 
two sensibly move in circles, their orbits acquire a 
small ellipticity, firom the disturbances they experience 
(N. 86). 

It has been stated, that the attraction of a sphere on 
an exterior body is the same as if its mass were united 
in one particle in its center of gravity, and therefore 
inversely as the square of the distance. In a spheroid, 
however, there is an additional force arising from the 
bulging mass at its equator, which, not foUowiyQg the 
exact law of gravity, acts as a disturbing force. One 
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effect of this distarfoing force in the spheroid of Jupiter 
is, to occasion a direct motion in the greater axes of the 
orbits of all his satellites, which is more rapid the 
nearer the satellite is to the planet, and veiy much 
greater than that part of their motion which arises from 
the disturbing action of the sun. The same cause 
occasions the orbits of the satellites to remain nearly in 
the plane of Jupiter's equator (N. 67), on account of 
which the satellites are always seen nearly in the same 
line (N. 88) ; and the powerful action of that quantity 
of prominent matter is the reason why the motions oi 
the nodes of these small bodies are so much more rapid 
than those of the planet. The nodes of the fourth 
satellite accomplish a tropical revolution in 531 years; 
while those of Jupiter's orbit require no less than 
36,261 years ; — a pit>of of the reciprocal attraction be- 
tween each particle of Jupiter's equator and of the 
satellites. In fact, if the satellites moved exactly in the 
plane of Jupiter's equator, they would not be pulled 
out of that plane, because his attraction would be equal 
on both sides of it. But, as their orbits have a small 
mclination to the plane of the planet's equator, there 
is a want of symmetry, and the action of the protuberant 
matter tends to make the nodes regress by pulling the 
satellites above or below the planes of theii* orbits ; an 
action which is so great on the interior satellites, that 
the motions of their nodes are nearly the same as if no 
other disturlHn| force existed. 

The orbits of the satellites do not retain a permanent 
inclination, either to the plane of Jupiter's equator, or 
to that of his orbit, but to certain planes passing between 
the two, and through their intersection. These have a 
greater inclination to his equator the farther the satel- 
lite is removed, owing to the influence of Jupiter's 
compression ; and they have a slow motion correspond- 
ing to secular variations in the planes of Jupiter's orbit 
and equator. 

The satellites are not only subject to periodic and 
secular inequalities from their mutual attraction, simitar 
to those which affect the motions and orbits of the 
planets, but also to others peculiar to themselves. Of 
the periodic inequalities arising from their mutual at- 
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traction, the most remarkable take place in the angular 
motions (N. 89) of the three nearest to Jupiter, the 
second of which receives from the first a perturbation 
similar to that which it produces in the third ; and it 
experiences from the third a perturbation similar to that 
which it communicates to the first. In the eclipses 
these two inequalities are combined into one, whose 
period is 437*659 day*. The variations peculiar to the 
Batellites arise from the secular inequalities occasioned 
by the action of the planets in the form and position of 
Jupiter's orbit, and from the displacement of his equator. 
It is obvious that whatever alters the relative positions 
of the sun, Jupiter, and his satellites, must occasion a 
change in the directions and intensities of the forces, 
which will affect the motions and orbits of the satellites. 
For this reason the secular variations in the eccen- 
tricity of Jupiter's orbit occasion secular inequalities in 
the mean motions of the satellites, and in the motions 
of the nodes and apsides of their orbits. The displace- 
ment of the orbit of Jupiter, and the variation in the 
position of his equator, also affect these small bodies 
(N. 90). The plane of Jupiter's equator is inclined to 
the plane of his orbit at an angle of 3° 6' 30", so that 
the action of the sun and of the satellites themselves 
produces a nutation and precession (N. 91) in his equa- 
tor, precisely similar to that which takes place in the 
rotation of the earth, from the action of the sun and 
moon. Hence the protuberant matter at Jupiter's equa- 
tor is continually changing its position with regard to 
the satellites, and produces corresponding mutations in 
their motions. And, as the cause must be proportional 
to the effect, these inequalities afford the means, not 
only of ascertaining the compression of Jupiter's sphe- 
roid, but they prove that his mass is not homogeneous. 
Although the apparent diameters of the satellites are 
too small to be measured, yet their perturbations give 
the values of their masses with considerable accuracy — 
a striking proof of the power of analysis. 

A singular law obtains among the mean motions and 
mean longitudes of the first three satellites. It appears 
from observation that the mean motion of the first 
satellite, plus twice that of the third, is equal to three 
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times that of the second ; and that the mean longitude 
of the first satellite, minus three times that of the 
second, plus twice that of the third, is always equal to 
two right angles. It is proved bj theory, that it these 
relations had only been approximate when the satellites 
were first launched into space, then: mutual attractions 
would have established and maintained them, notwith- 
standing the secular inequalities to wbich they are 
liable. They extend to the synodic motions (N. 92) of 
the satellites; oonsequentiy they afifect their eclipses, 
and have a very great influence on their whole theory. 
The satellites move so nearly in the plane of Jupiter's 
equator, which has a very small inclination to his orbit, 
that the first three are eclipsed at each revolution by 
the shadow of the planet, which is much larger than 
the shadow of the moon: the fourth satellite is not 
eclipsed so frequentiy as the others. The eclipses 
take place close to the disc of Jupiter when he is near 
opposition (N. 93) ; but at times his shadow is so pro- 
jected witii regard to the earth, that the third and 
fourth satellites vanish and reappear on the same side 
of the disc (N. 94). These eclipses are in all respects 
similar to those of the moon: but, occasionally, the 
satellites eclipse Jupiter, sometimes passing like obscure 
spots across his surface, resembling annular eclipses of 
the sun, and sometimes like a bright spot traversing one 
of his dark belts. Before opposition, the shadow of the 
satellite, like a round black spot, precedes its passage 
over the disc of the planet ; and after opposition, the 
shadow follows the satellite. 

In consequence' of the relations already mentioned in 
the mean motions and mean longitudes of the first three 
satellites, they never can be all eclipsed at the same 
time. For when the second and third are in one direc- 
tion, the first is in the opposite direction ; consequently, 
when the first is eclipsed, the other two must be be- 
tween the sun and Jupiter. The instant of the begin- 
ning or end of an eclipse of a satellite marks the same 
instant of absolute time to all the inhabitants of the 
earth; therefore, the tune of these eclipses observed 
by a traveler, when compared with the time of the 
eclipte computed for Greenwich, or any other fixed 
oS 
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meridiaii (N. 95), giv«s the differexioe of the meridi«i» 
in time, and, coDsequentlj, the longitude of the phu» of 
observation. The eclipses of Jupiter's satellites have 
been the means of a diseovery which, though not so 
immediately api^able to the wants of man, unfits 
one of the properties of light — that medium without 
whose cheering influence all the beauties of ttie creatioB 
would have been to us a blank. It is observed, that 
those eclipses of the first satellite, which happen i^dien 
Jupiter is near conjunction (N. 96>, are later bj 16* 
2&*-6 than those which take place wnen the planet is in 
oppomtion. As Jupiter is nearer to us when in opposi* 
tion by the whole breadth of the earth's ^bit than 
when in conjunction, this circumstance is attxibnted to 
the time employed by the rays of light in crossing the 
earth's orbit, a distance of about 190,000,000 of miles ; 
whence it is estimated that light travels at the- rate of 
190,000 miles in one second. Such is its velocity, that 
the earth, moving at the rate of nineteen miles in a 
second, would take two months to pass through a dis* 
tance which a ray of light would dart over in eight 
minutes. The subsequent discovery of^e abeiTation 
oi light confirmed this astonishing result. 

Objects appear to be situated in the direction of tlie 
rays which proceed from them. Were light propagated 
instantaneously, every object, whether at rest or in mo- 
tion, wouki appear in the direction of these rays ; but 
as light takes some time to travel, we see Jupiter in 
conjunction, by means of rays that left him 16" 26**6 be« 
fore ; but, during that time, we have changed our posi- 
tion, in consequence of the motion of the earth in its 
orbit : we therefore refer Jupiter to a place in which he 
is not. His true position is in the diagonal (N. 97) of 
the parallelogram, whose sides are in the ratio of the 
velocity of light to the velocity of the earth in its orbit, 
which is as 190,000 to 19, or 10,000 to 1. In conse- 
quence of the aberration of light, the heavenly bodies 
seem to be in places in which they are not. In fact, if 
the earth were at rest, rays from a star would pass along 
the axis of a telescope directed to it; but if the earth 
wore to hegin to move in its orbit, with its usual velocity, 
tibese rays would strike against tiie side of the tube ; it 
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wonld, therefore, be necessary to incliDe the telescope 
a little, in order to see the star. The angle containea 
between the axis of the telescope and a line drawn to 
the true place of the star, is its aberration, whidh varies 
in quantity and direction in different parts of the earth's 
orbit ; but as it is only 2(K'*36, it is insensible in ordinary 
cases (N. 98). 

The Telocity of light deduced from the observed nber- 
ra^n of the fixed stars perfectly corresponds with that 
given by the ectipses of the first satellite. The same 
result, obtained from sources so different, leaves not a 
doubt of its truth. Many such beautiful coincidences, 
derived firom circumstances apparently the most un- 
promising and dissimilar, occur in physical astronomy, 
and prove connections which we might otherwise be un- 
able to trace. The identity of the velocity of light, at 
the distance of Jupiter, and on the earth's surface, shows 
diat its velocity is uniform ; and if Kght consists in the 
vibrations of an elastic fluid or ether filling space, a hy- 
pothesis which accords best with observed phenomena^ 
the uniformity of its velocity shows that the density 
of the fluid throughout the whole extent of the solar 
system must be proportional to its elasticity (N. 99). 
Among the fortunate conjectures which have been con- 
|jrmed by subsequent experience, that of Bacon is not 
the least remarkable. ** It produces in me," says the 
restorer of true philosophy, '* a doubt whether the face 
of the serene and starry heavens be seen at the instant 
It really exists, or not tUl some time later : and whether 
there be not, "mth respect to die heavenly bodies, a true 
time and an apparent time, no less than a true place 
and an ^parent place, as astronomers say, on account 
of parallax. For it seems incredible that the species or 
lays of the celestial bodies can pass through the im- 
mense interval between them and us in an instant, or 
that they do not even require some considerable portion 
of time.^» 

Great discoveries generally lead to a variety of con- 
clusions : the aberration of light affords a direct proof of 
the motion of the earth in its orbit ; and its rotation is 
proved by ^e theory of falling bodies, since the centri- 
fogal force it induces retards we oseilktioAs of the pen- 
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dulum (N. 100^ in going from the pole to the equator. 
Thus a high aegree of scientific knowledge has been 
requisite to dispel the errors of the senses. 

The little that is known of the theories of the satel- 
lites of Saturn and Urcmus, is, in all respects, similar to 
that of Jupiter. Saturn is accompanied by seven satel- 
lites, the most distant of which is about the size of the 
planet Mars. Its orbit has a sensible inclination to the 
plane of the ring ; but the great compression of Saturn 
occasions the other satellites to move nearly in the plane 
of his equator. So many circumstances must concur to 
render the two interior satellites visible, that they have 
very rarely been seen. They move exactly at the edge 
of the ring, and their orbits never deviate from its plane. 
In 1789, Sir William Herschel saw them, like beads, 
threading the slender line of light which the ring is re- 
duced to, when seen edgewise from the earth. And 
for a short time he perceived them advancing off it at 
each end, when turning round in their orbits. The 
eclipses of the exterior satellites only take place when 
the ring is in this position. Of the situation of the equa- 
tor of Uranus we know nothing, nor of his compression ; 
but the orbits of his satellites are nearly perpendicular 
to the plane of the ecliptic ; and, by analogy, they ought 
to be in the plane of his equator. Uranus is so remote 
that he has more the appearance of a planetary nebula 
than a planet, which renders it extremely difficult to 
distinguish the satellites at all ; and quite hopeless with- 
out such a telescope as is rarely to be met with even in 
observatories. Sir William Herschel discovered six, 
and determined the motions of two of them ; but from 
that time the position of the planet has been such as to 
render fai-ther observations impossible. The subject 
has recently occupied the attention of his son, who has 
found evidence of the general correctness of his father's 
views, and has been enabled to determine the elements 
of the motions of these minute objects with more accu- 
racy. The first satellite performs its revolution about 
Uranus in 8'^ 16^ 56" SS'-G ; and the second satellite ac- 
complishes its period in 13^ 11'' 7° 12»-6. The orbits of 
both seem to have an inclination of about 101^*2 to the 
plane of the ecliptic ; and their motions offer the singu- 
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Jar phenomenon of being retrograde, or from east to 
west ; while all the planets and the other satellites re- 
volve in the contrary direction. Sir John Herschel could 
not perceive the smallest indication of a ring. 
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Lunar Theory — Periodic Perturbations of the Moon — Eqaation of Center- 
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Our constant companion, the moon, next claims our 
attention. Several circumstances concur to render her 
motions the most interesting, and at the same time the 
most difficult to investigate, of all the bodies of our sys- 
tem. In the solar system, planet troubles planet ; but in 
the lunar theory, the sun is the great disturbing cause ; 
his vast distance being compensated by his enormous 
magnitude, so that the motions of the moon are more 
irregular than those of the planets ; and, on account of 
the' great ellipticity of her orbit, and the size of the sun, 
the approximations to her motions are tedious and diffi- 
cult, beyond what those unaccustomed to such investiga- 
tions could imagine. The average distance of the moon 
froTW the center of the earth is only 237,360 miles, so 
that her motion among the stars is perceptible in a few 
hours. She completes a circuit of the heavens in 
27d 711 43«n 48.7^ moving in an orbit whose eccentricity is 
about 12,985 miles. The moon is about four hun(h*ed 
times nearer to the earth than the sun. The proximity 
of the moon to the earth keeps them together. For so 
great is the attraction of the sun, that if the moon were 
farther from the earth, she would leave it altogether, and 
would revolve as an independent planet about the sun. 

The disturbing action (N. 101) of the sun on the moon 
is equivalent to three forces. The first, acting in the 
direction of the line joining the moon and earth, in- 
3 
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creases or diminishes her gravity to the earth. The 
second, acting in the direction of a tangent to her orbit, 
disturbs her motion in longitude ; and the third, acting 
perpendicularly to the plane of her orbit, disturbs her 
motion in latitude — ^that is, it brings her nearer or re- 
moves her farther from the plane of the ecliptic than 
she would otherwise be. The periodic perturbations' 
in the moon arising from these forces, are perfectly sim- 
ilar to the periodic perturbations of the planets. But 
they are much greater and more numerous ; because 
the sun is so large, that many inequalities which are 
quite insensible in the motions of the planets, are of 
great magnitude in those of the moon. Among the in- 
numerable periodic inequalities to which the moon's 
motion in longitude is liable, the most rem£u*kable are, 
the Equation of the Center, which is the difference be- 
tween the moon's mean and true longitude, the Evec- 
tion, the Variation, and the Annual Equation. The 
disturbing force which acts in the line joining the moon 
and earth produces the Evection : it diminishes the ec- 
centricity of the lunar orbit in conjunction and opposi- 
tion, thereby making it more circular, and augments it 
in quadrature, which consequently renders it more ellip- 
tical. The period of this inequality is less than thirty- 
two days. Were the increase and diminution always 
the same, the Evection would only depend upon the 
distance of the moon from the sun ; but its absolute 
value also varies with her distance from the perigee 
(N. 102) of her orbit. Ancient astronomers, who ob- 
served tne moon solely with a view to the prediction of 
eclipses, which can only happen in conjunction and oppo- 
sition, where the eccentricity is diminished by the Evec- 
tion, assigned too small a value to the ellipticity of her 
orbit (N. 193). The Evection was discovered by Ptole- 
my from observation, about a.d. 140. The variation 
produced by the tangential disturbing force, which is 
at its niaximum when the moon is 45° distant from the 
sun, vanishes when that distance amounts to a quadrant, 
and also when the moon is in conjunction and opposi- 
tion ; consequently, that inequality never could have 
been discovered from the eclipses : its period is half a 
lunar month (N. 104). The Annujil Equation depends 
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upon the sun's distance from the earth : it arises from 
the moon's motion being accelerated when that of the 
earth is retarded, and vice versa — ^for when the earth is 
in its perihehon, the lunar orbit is enlarged by the ac- 
tion of the sun; therefore, the moon requires more 
time to perform her revolution. But, as the earth ap- 
proaches its aphelion, the moon's orbit contracts, and 
less time is necessary to accomplish her motion — its 
period, consequently, depends upon the time of the 
year. In the eclipses, llie annual equation combines 
with the equation of the center of the terrestrial orbit, 
so that ancient astronomers imagined the earth's orbit 
to have a greater eccentricity than modem astronomers 
assign to it. 

The planets disturb the motion of the moon both 
directly and indirectly : their action on the earth alters 
its relative position with regard to the sun and moon, 
and occasions inequalities in the moon's motion, which 
are more considerable than those arising from their 
direct action ; for the same reason the moon, by disturb- 
ing the earth, indirectly disturbs her own motion. Nei- 
ther the eccentricity of the lunar orbit, nor its mean 
inclination ta the plane of the ecliptic, have experienced 
any changes from secular inequalities; for, although 
the mean action of the sun on the moon depends upon 
the inclination of the lunar orbit to the ecliptic, and the 
position of the ecliptic is subject to a secular inequality, 
yet analysis shows that it does not occasion a secular 
variation in the inclination of the lunar orbit, because 
the action of the sun constantly brings the moon's orbit 
to the same inclination to the ecliptic. The mean mo- 
tion, the nodes, and the perigee, however, are subject 
to very remarkable variations. 

From the eclipse observed by the Chaldeans at Baby- 
lon, on the 19th of March, seven hundred and twenty- 
one years before the Christian era, the place of the 
moon is known from that of the sun at the instant of 
opposition (N. 83), whence her mean longitude may be 
found. But the comparison of this mean longitude with 
another mean longitude, computed back for the instant 
of the eclipse from modern observations, shows that the 
moon performs her revolution round the earth more 
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rapidly and in a shorter time now than she did formerly, 
and that the acceleration in her mean motion has been 
increasing from age to age as the square of the time 
(N. 105). All ancient and intermediate eclipses confirm 
this result. As the mean motions of the planets have 
no secular inequalities, this seemed to be an unaccount- 
able anomaly. It was at one time attributed to the re- 
sistance of an ethereal medium pervading space, and at 
another to the successive transmission of the gravitating 
force. But as La Place proved th^t neither of these 
causes, even if they exist, have any influence on the 
mucions of the lunar perigee (N. 102) or nodes, they 
could not affect the mean motion; a variation in the 
mean motion from such causes being inseparably con- 
nected with the variations in the motions of the perigee 
and nodes. That great mathematician, in studying the 
theory of Jupiter^s satellites, perceived that the secular 
variation in the elements of Jupiter's orbit, from the 
action of the planets, occasions corresponding changes • 
in the motions of the satellites, which led him to sus- 
pect that the acceleration in the mean motion of the 
moon might be connected with the secular vai'iation in 
the eccentricity of the terrestrial orbit. Analysis has 
shown that he assigned the true cause of the acceleration. • 
It is proved that the greater the eccentricity of the 
terrestrial orbit, the gi-eater is the disturbing action of 
the sun on the moon. Now as the eccentricity has 
been decreasing for ages, the effect of the sun in dis- 
turbing the moon has been diminishing during that time. 
Consequently the attraction of the earth has had a more 
and more powerful effect on the moon, and has been 
continually diminishing the size of the lunar orbit. So 
that the moon's velocity has been gradually augmenting 
for many centuries to balance the increase of the earth's 
attraction. This secular increase in the moon's velocity 
is called the Acceleration, a name peculiarly appropriate 
at present, and which will continue to be so for a vast 
number of ages ; because, as long as the earth's eccen- 
tricity diminishes, the moon's mean motion will be ac- 
celerated ; but when the eccentricity has passed its 
minimum, and begins to increase, the mean motion will 
be retarded from ago to age. The secular acceleration 



B«cT. V. MOTION OP NODES AND PERIGEE. 37 

is now about 11"*9, but its effect on the raoon*s place 
increases as the square of the time. It is remarkable 
that the action of the planets, thus reflected by the sun 
to die moon, is much more sensible than their direct 
action either on the earth or moon. The secular dimi- 
nution in the eccentricity, which has not altered the 
equation of the center of the sun by eight minutes since 
the earliest recorded eclipses, has produced a variation 
of about 1° 48' in the moon's longitude, and of 7° 12' in 
her mean anomaly (N. 106). 

The action of the sun occasions a rapid but variable 
motion in the nodes and perigee of the lunar orbit. 
Though the nodes recede during the greater part of the 
moon's revolution, and advance during the smaller, they 
perform their sidereal revolution in 6793'' 9^ 23" 9*'3 ; 
and the perigee accomplishes a revolution in 3232<i 13*' 
48°» 29**6, or a little more than nine years, notwith- 
standing its motion is sometimes retrograde and some^ 
times direct: but such is the difference between the 
disturbing energy of the sun and that of all the planets 
put togetiber, that it requires no less than 109,830 years 
far the greater axis of the terrestrial orbit to do the 
same, moving at the rate of ir'*8 annually. The form 
of the earth has no sensible effect either on the lunar 
nodes or apsides. It is evident that the same secular 
variation which changes the sun*s distance from the 
earth, and occasions the acceleration in the moon's mean 
motion, must affect the nodes and perigee. It conse- 
quently appears, from theory as well as observation, that 
both these elements are subject to a secular inequality, 
arising from the variation in the eccentricity of the 
earth's orbit, which connects them with the Acceleration, 
so that both are retarded when the mean motion is an- 
ticipated. The secular variations in these three ele- 
ments are in the ratio of the numbers 3, 0*735, and 1 ; 
whence the three motions of the moon, with regard to 
the sun, to her perigee, and to her nodes, are continu- 
ally accelerated, and their secular equations are as the 
numbers 1, 4*702, and 0-612. A comparison of ancient 
eclipses observed by the Arabs, Greeks, and Chaldeans, 
imperfect as they are, with modern observations, con- 
fiims these results of analysis. Future ages will de* 
D 
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velop these great inequalities, which at some most 
distant period will amount to many circumferences 
(N. 107). They are, indeed, periodic; but who shall 
tell theu' period ? Millions of years must elapse before 
that great cycle is accomplished. 

The moon is so near, that the excess of matter at the 
earth^s equator occasions periodic variations in her lon- 
gitude, and also that remarkable inequality in her lati- 
tude, already mentioned as a nutation in the lunar orbit, 
which diminishes its inclination to the ecliptic when the 
moon's ascending node coincides with the equinox of 
spring, and augments it when that node coincides with 
the equinox of autumn. As the cause must be propor- 
tional to the effect, a comparison of these inequalities, 
computed from theory, with the same given by obser- 
vation, shows that the compression of the terrestrial 
spheroid, or the ratio of the difference between the 
polar and the equatorial diameters, to the diameter of 
the equator, is ^jts-jts- ^^ ^^ proved analytically, that if 
a fluid mass of homogeneous matter, whose particles 
attract each other inversely as the squares of the dis- 
tance, were to revolve about an axis as the earth does, 
it would assume the form of a spheroid whose compres- 
sion is -^jf. Since that is not the case, the earth can- 
taot be homogeneous, but must decrease in density from 
its center to its circumference. Thus the moon's 
eclipses show the eaith to be round ; and her inequali- 
ties not only determine the form, but even the internal 
structure of our planet ; results of analysis which could 
not have been anticipated. Similar inequalities in the 
motions of Jupiter's satellites prove that his mass is not 
homogeneous, and that his compression is y^.^. His 
equatorial diameter exceeds his polar diameter by about 
6000 miles. 

The phases (N. 108) of the moon, which vary from 
a slender silvery crescent soon after conjunction to a 
complete circular disc of light in opposition, decrease by 
the same degrees till the moon is again enveloped in 
the morning beams of the sun. These changes regulate 
the returns of the eclipses. Those of the sun can only 
happen in conjunction, when the moon, coming between 
the earth and the sun, intercepts his light. Those of 
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the moon are occasioned by the earth intervening be- 
tween the sun and moon when in opposition. As the 
earth is opaque and nearly spherical, it throws a conical 
shadow on the side of the moon opposite to the sun, the 
ksis of which passes through the centers of the sun and 
earth (N. 109). The length of the shadow terminates 
at the point where the apparent diameters (N. 110) 
of the sun and earth would be the same. When the 
moon is in opposition, and at her mean distance, the 
diameter of the sun would be seen from her center 
under an angle of 1918"'l. That of the earth would 
appear under an angle of 6908"«3. So that the length 
of the shadow is at least three times and a half greater 
than the distance of the moon from the earth, and the 
breadth of the shadow, where it is traversed by the 
moon, is about eight-thirds of the lunar diameter. Hence 
the moon would be eclipsed every time she is in oppo- 
sition, were it not for the inclination of her orbit to the 
plane of the ecliptic, in consequence of which the moon 
when in opposition is either above or below the cone of 
the earth's shadow, except when in or near her nodes. 
Her position with regard to them occasions all the vari- 
eties in the lunar eclipses. Every point of the mooned 
surface successively loses the light of different parts of 
the sun's disc before being eclipsed. Her brightness 
therefore gradually diminishes before she plunges into 
the earth's shadow. The breadth of the space occupied 
by the penumbra (N. Ill) is equal to the apparent di- 
ameter of the sun, as seen from the center of the moon. 
The mean duration of a revolution of the sun, with re- 
gard to the node of the lunar orbit, is to the duration of 
a synodic revolution (N. 112) of the moon as 223 to 19. 
So that, after a period of 223 lunar months, the sun and 
moon would return to the same relative position with 
regard to the node of the moon's orbit, and therefore 
the eclipses would recur in the same order, were not 
the periods altered by irregularities in the motions of 
the sun and moon. In lunar eclipses, our atmosphere 
bends the sun's rays which pass through it all round 
into the cone of the eaith's shadow. And as the hori- 
Bontal refraction (N. 113) or bending of the rays sur- 
passes half the sum of the semidiameters of tiie sua 
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and moon, divided by their mutual distance, the center 
of the lunar disc, supposed to be in the axis of the 
shadow, would receive the rays from the same point of 
the sun, round all sides of the earth, so that it would be 
more illuminated than in full moon, if the greater por- 
tion of the light were not stopped or absorbed by the 
atmosphere. Instances are recorded where this feeble 
light has been entirely absorbed, so that the moon has 
altogether disappeared in her eclipses. 

The sun is eclipsed when the moon intercepts his 
rays (N. 114). The moon, though incomparably smaller 
than the sun, is so much nearer the earth, that her 
apparent diameter differs but littlp from his, but both 
are liable to such variations, that they alternately sur- 
pass one another. Were the eye of a spectator in the 
same straight line with the centers of the sun and moon, 
he would see the sun eclipsed. If the apparent diame- 
ter of the moon surpassed that of the sun, the eclipse 
would be total. If it were less, the observer would see 
a ring of light round the disc of the nu)on, and the 
eclipse would be annular, as it was on the 17th of May, 
1836. If the center of the moon should not be in the 
straight line joining the centers of the sun and the eye 
of the observer, the moon might only eclipse a part <rf 
the sun. The variation, therefore, in the distances of 
the sun and moon from the center of the earth, and of 
the moon from her node at the instant of conjimction, 
occasions great varieties in the solar eclipses. Besides, 
the height of the moon above the horizon changes her 
apparent diameter, and may augment or diminish the 
apparent distances of the centers of the sun and moon, 
so that an eclipse of the sun may occur to the inhabit 
tants of one country, and not to those of another. In 
this respect the solar eclipses differ from the lunar, 
which are the same for every pait of the earth where 
the moon is above the horizon. In solar eclipses, the 
light reflected by the atmosphere diminishes the obscu- 
rity they produce. Even in total eclipses the higher 
part of the atmosphere is enlightened by a part of the 
sun's disc, and reflects its rays to the earth. The whole 
disc of the new moon is frequently visible from atmoa- 
pheric reflection. 
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A phenomenon altogether unprecedented occurred 
during the total eclipse of the sun which happened on 
J the 8th of July, 1842. The moon was like a black 
patch on the sky surrounded by a faint whitish light 
about the eighth of the moon's diameter in breadth, in 
which three red flames appeared in form like the teeth 
of a saw ; from what cause they originated, or what 
they were, is totally unknown. 

Planets sometimes eclipse one another. On the 17th 
of May, 1737, Mercury was eclipsed by Venus near 
their inferior conjunction ; Mars passed over Jupiter on 
the 9th of January, 1591 ; and on the 30th of October, 
1825, the moon eclipsed Saturn. These phenomena, 
however, happen very seldom, because all the planets, 
or even a part of them, are veiy rarely seen in con- 
junction at once ; that is, in the same part of the heav- 
ens at the same time. More than 2500 years before 
our era, the five great planets were in conjunction. On 
the 15th of September, 1186, a similar assemblage took 
place between the constellations of Virgo and Libra; 
and in 1801, the moon, Jupiter, Saturn, and Venus 
were united in the heart of the Lion. These conjunc- 
tions are so rai'e, that Lalande has computed that more 
than seventeen millions of millions of years separate the 
epochs of the contemporaneous conjunctions of the six 
great planets. 

The motions of the moon have now become of more 
importance to the navigator and geographer than those 
of any other heavenly body, from the ^ precision with 
which terrestrial longitude is determined by occultations 
of stars, and by lunai* distances. In consequence of the 
retrograde motion of the nodes of the lunar orbit, at the 
i-ate of 3' 10"'64 daily, these points make a tour of the 
heavens in a little more than eighteen years and a half. 
This causes the moon to move round the earth in a kind 
of spiral, so that her disc at different times passes over 
every point in a zone of the heavens extending rather 
more than 5° 9' on each side of the ecliptic It is there- 
fore evident, that at one time or other she must eclipse 
every star and planet she meets with in this space. 
Therefore the occultation of a star by the moon is a phe- 
nomenon of frequent occurrence. The moon seems to 
uS 
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pass over the star, which abnost instantaneously vanishes 
at one side of her disc, and after a short time as suddenly 
reappears on the other. A lunar distance is the ob- 
served distance of the moon from the sun, or from a 
particular star or planet, at any instant. The lunar the- 
ory is brought to such perfection, that the times of these 
phenomena, observed under any roendian when com- 
pared with those computed for Greenwich in the Nauti- 
cal Almanac, give the longitude of the observer within a 
few miles (N. 95). 

From the lunar theory, the mean distance of the sun 
from the earth, and thence the whole dimensions of the 
solar system, are known. For the forces which retain 
the earth and moon in their orbits are respectively pro- 
portional to the radii vectores of the earth and moon, 
each being divided by the square of its periodic time. 
And as the lunar theory gives the ratio of the forces, 
the ratio of the distances of the sun and moon from 
the earth is obtained. Hence it appears that the sun's 
mean distance from the earth is 396, or nearly 400 
times greater than that of the moon. The method of 
finding the absolute distances of the celestial bodies in 
miles, is in fact the same with that employed in meas- 
uring the distances of terrestrial objects. From the 
extremities of a known base (N. 115), the angles which 
the visual rays from the object form with it, are meas- 
ured ; their sum subtracted from two right angled gives 
the angle opposite the base ; therefore, by trigonometry, 
all the angles and sides of the triangle may be computed 
— consequently the distance of the object is found. The 
angle under which the base of the triangle is seen from 
the object is the parallax of that object. It evidently in- 
creases and decreases with the distance. Therefore the 
base must be very great indeed to be visible from the 
celestial bodies. The globe itself, whose dimensions are 
obtained by actual admeasurement, furnishes a standard 
of measures, with which we compare the distances, 
masses, densities, and volumes of the sun and planets. 
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Section VL 

Form of the Earth aad Planet* — Figure of a Homogeneous Spheroid in 
Rotation — Figure of a Spheroid of Variable Density — Figure of the 
Earth, supposing it to be an Ellipsoid of Revolution— Mensuration of a 
Degree of the Meridian — Compression and Size of the Earth from 
Degrees of Meridian— Figure of Earth from the Pendulum. 

The theoretical investigation of the figure of the earth 
and planets is so complicated, that neither the geometry 
df Newton, nor the refined analysis of La Place, has 
attained more than an approximation. It is only within 
a few yeims that a complete and finite solution of that 
difficult problem has been accomplished by our distin- 
guished coimtryman Mr. Ivory, The investigation has 
■been conducted by successive steps, beginning with a 
simple case, and then proceeding to the more difficult. 
But in all, the forces which occasion the revolutions of 
the earth and planets are omitted, because, by acting 
equally upon all the particles, they do not disturb their 
mutud relations. A fluid mass of uniform density, whose 
particles mutuaUy gravitate to each other, will assume 
the form of a sphere when at rest. But if the sphere 
begins to revolve, every particle will describe a circle 
(N. 116), having its center in the axis of revolution. 
The pkmes of eJl these circles will be parallel to one 
another and perpendicular to the axis, and the particles 
will have a tendency to fly from that axis in consequence 
of the centrifugal force arising from the velocity of rota- 
tion. The force of gravity is everywhere perpendicular 
to the surface (N. 117V and tends to the interior of the 
fluid mass ; whereas tne centrifugal force acts perpen- 
dicularly to the axis of rotation, and is directed to the 
exterior. And as its intensity diminishes with the dis- 
tance from the axis of rotation, it decreases from the 
equator to the poles, where it ceases. Now it is clear 
that these two forces are in direct opposition to each 
other in the equator alone, and that gravity is there di- 
minished by the whole effect of the centrifugal force, 
whereas, in every other part of the fluid, the centrifugal 
force is resolved into two parts, one of which, being per- 
pendicular to the surface, diminishes the force of grav- 
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ity; but the other, being at a tangent to the surface, 
urges the particles toward the equator, where they ac- 
cumulate till their numbers compensate the diminution 
of gravity, which makes the mass bulge at the equator, 
and become flattened at the poles. It appears, then, that 
the influence of the centrifugal force is most powerful at 
the equator, not only because it is actually greater there 
than elsewhere, but because its whole effect is employed 
in diminishing gravity, whereas, in every other point of 
the fluid mass; it is only a part that is so employed. For 
both these reasons, it gradually decreases toward the 
poles, where it ceases. On the contrary, gravity is least 
at the equator, because the particles are &rther from 
the center of the mass, and increases toward the poles, 
where it is greatest. It is evident, therefore, that, as 
the centrifugal force is much less than the force of grav- 
ity — gravitation, which is the difference between the 
two, is least at the equator, and continually increases 
toward the poles, where it is a maximum. On these 
principles Sir Isaac Newton proved that a homogeneous 
fluid (N. 118) mass in rotation assumes the form of an 
ellipsoid of revolution (N. 119), whose compression is 
jj^. Such, however, cannot be the form of the earth, 
because the strata increase in density toward the centen 
The lunar inequalities also prove the earth to be so con- 
structed; it was requisite, therefore, to consider the fluid 
mass to be of variable density. Including this condition, 
it has been found that the mass, when in rotation, would 
stiU assume the form of an ellipsoid of revolution ; that 
the particles of equal density would arrange themselves 
in concentric elliptical strata (N. 120), the most dense 
being in the center; but that the compression or flat- 
tening would be less than in the case of the homogene- 
ous fluid. The compression is still less when the mass 
is considered to be, as it actually is, a solid nucleus, de- 
creasing regularly in density from the center to the sur- 
face, and partially covered by the ocean, because the 
solid parts, by their cohesion, nearly destroy tiiat part 
of the centrifugal force which gives the particles, a ten- 
dency to accumulate at the equator, though not alto- 
gether ; otherwise the sea, by the superior mobility of 
its particles, would flow towaid the equator and leave 
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the poles dry. Beside, it is well known, that the con- 
tinents at the equator are more elevated than they are 
in higher latitudes. It is also necessary for the equili- 
brium of the ocean, that its density should be less than 
the mean density of the earth, otherwise the continents 
would be perpetually liable to inundations from storms, 
and other causes. On the whole, it appears from the- 
ory, that a horizontal line passing round the earth 
through both poles, must be nearly an ellipse, having its 
H^jor axis in the plane of the equator, and its minor 
axis coincident with the axis of the earth's rotation 
(N. 121). It is easy to show, in a spheroid whose 
strata are eUiptical, that the increase in the length of 
the radii *(N. 122), the decrease of gravitation, and the 
increase in the length of the arcs of the meridian, cor- 
responding to angles of one degree, from the poles to 
the equator, are all proportional to the square of the co- 
sine of the latitude (N. 123). These quantities are so 
connected with the ellipticitf of the spheroid that the 
total increase in the length of the radii is equal to the 
compression or flattening, and the total diminution in the 
length of the arcs is equal to the compression, multi- 
plied by three times the length of an arc of one degree 
at the equator. Hence, by measuring the meridian 
curvature of the earth, the compression, and conse- 
quently its figure, become known. This, indeed, is as- 
suming the earth to be an ellipsoid of revolution, but 
the actual measurement of the globe will show how far 
it corresponds with that solid in figure and constitution. 

The courses of the great rivers, which are in general 
navigable to a considerable extent, prove that the curva- 
ture of the-land differs but little from that of the ocean ; 
and as the heights of the mountains and continents are 
inconsiderable when compared with the magnitude of 
the earth, its figure is understood to be determined by 
a surface at every point perpendicular to the direction 
of gravitation, or of the plumb-line, and is the same 
T^ch the sea would have, if it were continued all round 
the earth beneath the continents. Such is the figure 
that has been measured in the following manner : — 

A terrestrial meridian is a line passing through both 
poles, all the points of which have then: noon contem- 
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poraneous]y. Were the lengths and curvatures of dif- 
ferent meridians known, the figure of the earth might 
be determined. But the length of one degree is suffi-. 
cient to give the figure of the earth, if it be measured 
on different meridians^ and in a variety of latitudes. For 
if the earth were a sphere, all degrees would be of the 
same length ; but if not, the lengths of the degrees: 
would be greater, exactly in proportion as the curvature 
is less. A comparison of the length of a degree in dif- 
ferent parts of the earth's surface, will therefore deter- 
mine its size and form. 

An arc of the meridian may be measured by observ- 
ing the latitude of its extreme points (N. 124), and then 
measuring the distance between them in feet* or fath- 
oms. The distance thus determined on the surface of 
the earth, divided by the degrees and parts of a degree 
contained in the diflerence of the latitudes, will give the 
exact length of one degree, the difference of the lati- 
tudes being the angle contained between the vertacaUi. 
at the extremities of the arc. This would be easily ac- 
complished were the distance unobstructed, and on a 
level with the sea. But, on account of the innumerable 
obstacles on the surfiice of the earth, it is necessary to 
connect the extreme points of the arc by a series of tri- 
angles (N. 125), the sides and angles of which are either 
measured or computed, so that the length of the arc is 
ascertained ynXh much laborious calculation. In conse- 
quence of the irregularities of the surface, each triangle 
is in a different plane. They must therefore be reduced 
by computation to what they would have been had they 
been measured on the surface of the sea. And as the 
earth may in this case be esteemed spheric^, they re- 
quire a correction to reduce them to spherical triangles. 
The gentlemen who conducted the trigonometrical sur- 
vey, in measuring 500 feet of a base in Ireland twice 
over, found that the difference in the two measurements 
did not amount to the 800th part of an inch. Such is- 
the accuracy with which these operations are conduct? 
ed, and which they require. 

Arcs of the meridian have been measured in a variety 
of latitudes north and south, as well as arcs perpendicu- 
lar to the meridian. From these measurements it ap- 
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pears that the length of the degrees increases from the 
equator to the poles, nearly in proportion to the square 
of the sine of the latitude (N. 126). Consequently, the 
convexity of the earth diminishes from the equator to 
the poles. 

Were the earth an ellipsoid of revolution, the merid- 
ians vvrould be ellipses whose lesser axes would coincide 
with the axis of rotation, and all the degrees measured 
between the pole and the equator would give the same 
compression when combined two and two. That, how- 
ever, is far from being tbe case. Scarcely any of the 
measurements give exactly the same results, chiefly on 
account of local attractions, which cause the plumb line 
to deviate from the vertical. The vicinity of mountains 
has that effect. But one of the most remarkable, though 
not unprecedented, anomalies takes place in the plains of 
the north of Italy, where the action of some dense sub- 
terraneous matter causes the plumb-line to deviate seven 
or eight limes more than it did from the attraction of 
Chimborazo, in the experiments of Bouguer, while 
measuring a degree of the meridian at the equator. In 
consequence of this local attraction, the degrees of the 
meridian in that part of Italy seem to increase toward 
the equator through a small space, instead of decreasing, 
as if the earth was drawn out at the poles, instead of 
being flattened, x 

Many other discrepancies occur, but from the mean 
of the five principal measurements of arcs in Peru, India, 
France, England, and Lapland, Mr. Ivory has deduced 
that the figure which most nearly follows this law is an 
ellipsoid of revolution whose equatorial radius is 3962'824 
miles, and the polar radius 3949*585 miles. The differ- 
ence, or 13*239 miles, divided by the equatorial radius, 
is .g^ nearly. This fraction is called the compression 
of the earth, and does not differ much from thot given 
by the lunar inequalities. If we assume the earth to 
be a sphere, the length of a degree of the meridian is 
69^ British miles. Therefore 360 degrees, or the 
whole circumference of the globe, is 24; 856 miles, and 
the diameter, which is something less than a third of 
the cnrcumference, is about 7916, or 8000 miles nearly. 
Eratosthenes, who died 194 years before the Christian 
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era, was the first to give an approximate value^ .>f the 
earth's circumference, by the measurement of an ahs 
between Alexandria and Syene. 

There is another method of finding the figure of the 
eaith, totally different from the preceding, solely depend- 
ing upon the increase of gravitation irom the equator to 
the poles. The force of gravitation at any place is 
measured by the descent of a heavy body during the first 
second of its fall. And the intensity of the centrifugal 
force is measured by the deflection of any point from &o 
tangent in a second. For, since the centrifugal force bal- 
ances the attraction of the earth, it is an exact nieasure of 
the gravitating force. Were the attraction to cease, a body 
on the surface of the earth would fly off in the tangent 
by the centrifugal force, instead of bending round in the 
circle of rotation. Therefore, the deflection of the cir- 
cle from the tangent in a second measures the intensity 
of the earth's attraction, and is equal to the versed sine 
of the arc described during that time, a quantity easily 
determined from the known velocity of the earth's rota- 
tion. Whence it has been found, that at the equator 
the centrifugal force is equal to the 289th part of gravity. 
Now, it is proved by analysis that whatever the consti- 
tution of the earth and planets may be, if the intensity 
of gravitation at the equator be taken equal to unity, the 
sum of the compression of the ellipsoid, and the whole 
increase of gi-avitation from the equator to the pole, is 
equal to five halves of the ratio of the centrifugal force 
to gravitation at the equator. This quantitj'^ with regard 
to the earth is | of -^j^, or xini' Consequently, the 
compression of tlie eardi is equal to rfy.? diminished by 
the whole increase of gi*avitation. So that its form wUl 
be known, if the whole increase of gravitation from the 
equator to the pole can be determined by experiment. 
This has been accomplished by a method founded upon 
the following considerations : — If the earth were a homo- 
geneous sphere without rotation, its attraction on bodies 
at its surface would be everywhere the same. If it 
be elliptical and 'of variable density, the force of gravity, 
theoretically, ought to increase from the equator to the 
pole, as unity plus a constant quantity multiplied into the 
square of the sine of the latitude (N. 126). But for a 
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spheroid in rotatioD, the ceDtrifugal force varies, by the 
dgiws of mechanics, as the sqnare of the sine of the lati- 
tude, from the equator, where it is greatest, to the pole, 
where it vanishes. And as it tends to make bodies fly 
off the surface, it diminishes the force of gravity by a 
smali quantity. Hence, by gravitation, which is the dif- 
ference of these two forces, the &]1 of bodies ought to 
be accelerated from the equator to the poles proportion- 
ably to the square of the sine of the latitude ; and the 
weight of the same body ought to increase in that ratio. 
This is directly proved by the oscillations of the pendu- 
him (N. 127), which, in fact, is a falling body ; for if the 
faH of bodies be accelerated, the oscillations will be more 
rapid : in order, therefore, that they may always be per- 
formed in the same time, the length of the pendulum 
must be altered. By numerous and careful experi- 
ments, it is proved that a pendulum which oscillates 
86,400 times in a mean day at the equator, will do the 
same at every point of the earth*s surface, if its length 
be increased progressively to the pole, as the square of 
the sine of the latitude. 

From the mean of these it appears that the whole 
decrease of gravitation from the poles to the equator is 
0*005. 1449, which, subtracted from tjt.oi shows that 
the compression of the terrestrial spneroid is about 
-^TS'TS* '^^'^ value has been deduced by the late Mr. 
Baiiy, president of the Astronomical Society, who has 
devoted much attention to this subject ; at the same 
time, it may be observed that no two sets of pendulum 
experiments give the same result, probably from local 
attractions. Therefore, the question cannot be con- 
sidered as d^nitively settled, though the differences 
are very small. . The compression obtained by this 
method does not differ much from that given by the 
hmar inequalities, nor from the arcs in the direction of 
the meridian, and those perpendicular to it. The near 
coincidence of these three values, deduced by methods 
so entirely independent of each other, shows that the 
mutual tendencies of the centers of the celestial bodies 
to one another and the attraction of the earth for bodies 
at its surface result from the reciprocal attraction of all 
their particles. Another proof may be added. The 
4 E 
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nutation of the earth's axis and the precession of tiie 
equinoxes (N. 143) are occasioned by the action of the 
sun and moon on the protuberant matter at the ear&'s 
equator. And although these inequalities do not gihre 
the absolute value of the terrestrial compression, they 
show that the fraction expressing it is comprised be- 
tween the limits -^ and yiU. 

It might be expected that the same compression 
should result from each, if the different methods of ob- 
servation could be made without error. This, however, 
is not the case ; for, after aUowance has been made for 
every cause of error, such discrepancies are found, both 
in the degrees of the meridian and in the length of the 
pendulum, as show that the figure of the earth is very 
complicated. But they are so small, when compared 
with the general results, that they may be disregarded. 
The compression deduced from the mean of the whole 
appears not to differ much from jj^ ; that given by the 
lunar theory has the advantage of being independent of 
•the irregularities of the earth's surface and of local at- 
tractions. The regularity with which the observed 
variation in the length of the pendulum foUows the law 
of the square of Uie sine of the latitude, proves the 
strata to be elliptical, and symmetrically disposed round 
the center of gravity of the earth, which affords a strong 
presumption in favor of its original fluidity. It is re- 
markable how little influence the sea has on the varia- 
tion of the lengths of the ai*C3 of the meridian, or on 
gravitation ; neither does it much affect the lunar ine- 
qualities, from its density being only about a fifth of the 
mean density of the earth. For, tf the earth were to 
become a fluid, after being stripped of the ocean, it 
would assume the form of an ellipsoid of revolution 
whose compression is ^J^-.^, which differs very little 
from that determined by observation, and proves, not 
only that the density of the ocean is inconsiderable, but 
that its mean depth is very small. There may be pro- 
found cavities in the bottom of the sea, but its mean 
depth probably does not much exceed the mean height 
of the continents and islands above its level. On this 
account, immense tracts of land may be deserted or 
overwhelmed by the ocean, as appears really to have 
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been the case, without any great change in the form of 
tiie terrestrial spheroid. The variation in the length of 
the pendulum was first remarked by Richter in 1672, 
while observing transits of the fixed stars across the 
meridian at Cayenne, about five degrees north of the 
equator. He found that his clock lost at the rate of 
2°» 28* daily, which induced him to determine the 
length of a pendulum beating seconds in that latitude ; 
and repeating the experiments on his return to Europe, 
he found the seconds' pendulum at Paris to be more 
Chan the twelfth of an inch longer than that at Cayenne. 
The form and size of the earth being determined, 
a standard of measure is furnished with which the di- 
mensions of the solar system may be compared. 



Section VIL 



Parallax — ^Ltmar Parallax found from direct Obsenration — Solar Paralhx 
deduced from the Transit of Venus — ^Distance of the Sun from the 
Earth — Annual Parallax — Distance of the Fixed Stars. 

The paiaHax of a celestial body is the angle under 
which the radius of the earth would be seen, if viewed 
from the center of that body ; it affords the means of 
ascertaining the distances of the sun, moon, and planets 
(N. 128). When the moon is in the horizon at the 
instant of rising or setting, suppose lines to be drawn 
from her center to the spectator and to the center of the 
earth ; these vfould form a right-angled triangle with 
the terrestrial radius, which is of a known length ; and 
as the parallax or angle at the moon can be measured, 
all the angles and one side are given ; whence the 
distance of the moon from the center of the earth may 
be computed. The parallax of an object may be found, 
if two observers under the same meridian, but at a very 
great distance from one another, observe its <zenith 
distances on the same day at the time of its passage 
over the meridian. By such contemporaneous obser- 
vations at the Cape of Good Hope and at BerUn, the 
mean horizontal parallax of the moon was found to be 
3469", whence the mean distance of the moon is about 
nxty times the mean terrestrial radius, or 237,360 miles 
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nearly. Since the parallax is. equal to the radios of the 
earth divided by the distance of the nooon, it varies with 
the distance of the moon from the eaith under the 
same parallel of latitude, and proves the ellipticity of the 
lunar orbit. When the moon is at her mean distance, 
it varies with the teiTCstrial radii, thus showing that 
the earth is not a sphere (N. 129). 

Although the method tiescribed is sufficiently accurate 
for finding the parallax of an object as near as the moon^ 
it will not answer for the sun, which is so remote that 
the smallest error in observation would lead to a false 
result. But that difficulty is obviated by the transits of 
Venus. When that planet is in her nodes (N. 130), or 
within 1J° of them, that is, in, or nearly in, the plane 
of the ecliptic, she is occasionally seen to pass over the 
sun like a black spot. If we could imagine that the sun 
and Venus had no parallax, the line described by the 
planet on his disc, and the duration of the transit, would 
be the same to all the inhabitants of the earth. But aa 
the semi-diameter of the earth has a sensible magnitude 
when viewed from the center of the sun, the line de- 
scribed by the planet in its passage over his disc appears 
to be nearer to his center, or farther from it, according 
to the position of the observer ; so that the duration of 
the transit varies with the different points of the earth's 
surface at which it is observed (N. 131). This differ- 
ence of time, being entirely the effect of parallax, fur- 
nishes the means of computing it from the known 
motions of the earth and Venus, by the same method as 
for the eclipses of the sun. In fact, the ratio of the 
distances of Venus and the sun from the earth at the 
time of the transit are known from the theory of their 
elliptical motion. Consequently the ratio of the paral- 
laxes of these two bodies being inversely as their dis- 
tances, is given ; and as the transit gives the difference of 
the parallaxes, that of the sun is obtained. In 1769. the 
parsillax of the sun was determined by observations of a 
transit of Venus made at Wardhus in Lapland, and at 
Otaheite in the South Sea. The latter observation was 
the object of Cook's first voyage. The transit lasted 
about six hours at Otaheite, and the difference in dura- 
tion at these two stations was eight minutes ; whence 
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the sun's horizontal parallax was found to be 8"-72. 
But by other considerations it has been reduced by 
Professor Encke to 8"-5776 ; from which the mean 
distance of the sun appears to be about ninety-five mil* 
lions of miles. This is confirmed by an inequality in the 
motion of the moon, which depends upon the parallax of 
the sun, and which, when compared with observation, 
gives 8''*6 for the sun's parallax. 

The parallax of Venus is determined by her transits; 
that of Mars by direct observation, and it is found to be 
nearly double that of the sun, when the planet is in 
opposition. The distance of these two planets from 
the earth is therefore known in terrestrial radii, conse- 
quently their mean distances from the sun may be 
computed ; and as the ratios of the distances of the 
planets from the sun are known by Kepler's law, of the 
squares of the periodic times of any two planets being 
as the cubes of their mean distances from the sun, their 
absolute distances in miles are easily found (N. 132). 
This law is very remarkable, in thus uniting all the 
bodies of the system, and extending to the sateUites as 
well as the planets. 

Far as the earth seems to be from the sun, Uranus is 
no less than nineteen times farther. Situate on the 
verge of the system, the sun must appear to it not 
much larger than Venus does to us. The earth cannot 
even be visible as a telescopic object to a body so re- 
mote. Yet* man, the inhabitant of the earth, soars 
beyond the vast dimensions of the system to which his 
planet belongs, and assumes the diameter of its orbit 
as the base of a triangle whose apex extends to the 
stars. 

Sublime as the idea is, this assumption 7)roves in- 
effectual, except in a very few cases ; for the apparent 
places of the fixed stars are not sensibly changed by the 
earth's annual revolution. With the aid derived from 
the refinements of modern astronomy, and of the most 
perfect instruments, a sensible parallax has been de- 
tected only in a very few of these remote suns, a Cen- 
tauri has a parallax of one second of space, therefore it 
is the nearest known star, and yet it is more than two 
hundred thousand times farther from us than the sun 
E 2 
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18. At Buch a distance not only the terrestrial oiiiit 
shrinks to a point, but the whole solar system, seen in 
the focos of the most powerful telescope, might be 
eclipsed by the thickness of a spider's thread. Light, 
flying at the rate of 190,000 miles in a second, -would 
take more than three years -to travel over that space. 
One of the nearest stars may therefore have been 
kindled or extinguished more than tl^ree years, before 
we could have been aware of so mighty an event. But 
this distance must be small, when compared with that 
of the most remote of the bodies which are visible in 
the heavens. The fixed stars are undoubtedly luminous 
like the sun ; it is therefore probable that they are not 
nearer to one another than the sun is to the nearest of 
them. In the milky way and the otlier starry nebula», 
some of the stars that seem to us to be close to others, 
may be far behind them in the boundless depths of 
space; nay, may be rationally supposed to be situate 
many thousand times farther off. Light would there- 
fore require thousands of years to come to the eartb 
from those myriads of suns of which our own is but 
** the remote companion." 



Section VIII. 

Masses of Planets that have no Satellites detennined from their Pertnrba- 
tions — Masses of the others obtained from the Motions of their Satellites 
— Masses of the Sun, the Earth, of Jupiter, and of the Jovial System — 
Mass of the Moon — Real Diameters of Planets, how obtained — Size of 
Sun— Densities of the Heavenly Bodies— Formation of Astronomical 
Tables — Requisite Data and Means of obtaining them. 

The masses of such planets as have no sateUites, are 
known by comparing the inequalities they produce in 
the motions of the earth and of each other, determined 
theoretically, with the same inequalities given by ob' 
servation ; for the disturbing cause must necessarily 
be proportional to the effect it produces. The masses 
of the satellites themselves may also be compared with 
that of the sun by their perturbations. Thus, it is 
found, from the comparison of a vast number of observa- 
tions, with La Placets theory of Jupiter's satellites, 
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dmt the mass of the sun is no less than 65,000,000 
times greater than the least of these moons. But as 
the quantities of matter in any two primary planets are 
directly as the cubes of the mean distances at which 
their satellites revolve, and inversely as the squares of 
liieir periodic times (N. 133), the mass of the sun and 
ci any planets which have satellites may be compared 
with the mass of the earth. In this manner it is com- 
puted that the mass of the sun is 354,936 times that 
of the earth ; whence the great perturbations of the 
moon, and the i-apid motion of the perigee and nodes of 
her orbit (N. 134). Even Jupiter, the largest of the 
planets, has recently been found by Professor Airy to 
be 1048*7 limes less than the sun ; and, indeed, the 
mass of the whole Jovial System is not more than the 
1046* 77th part of that of the sun. So that the mass of 
the satellites bears a very small proportion to that of 
th^ir primary. The mass of the moon is determined 
from several sources — from her action on the terres- 
trial equator, which occasions the nutation in the axis of 
rotation ; from her horizontal parallax ; from an in- 
equality she produces in the sun's longitude ; and from 
her action on the tides. The three first quantities, 
computed from theory and compared with their ob- 
served values, give her mass respectively equal to the 

tV' Tf-^» ^^^1 Tri-2 P*^ ^^ ^** ^^ ^^® earth, which do 
not aifl^r much from each other. Br. Brinkley, Bishop 
of Cloyne, has found it to be •g\^ from the constant of 
hinar nutation; but from the moon's action in raising 
the tides, her mass appears to be about the if^ part <J 
that of the earth — a value that cannot differ much from 
the truth. 

The apparent diameters of the sun, moon, and planets 
are determined by measurement ; therefore, their real 
diameters may be compared with that of the earth ; for 
the real diameter of a planet is to the real diameter of 
the earth, or 7916 miles, as the apparent diameter of 
the planet to the appai*ent diameter of the earth as seen 
from the planet, that is, to twice the parallax of the 
planet. According to Professor Bessel, the mean ap- 
parent diameter of the sun is 1922", and with the solar 
parallax 8"-5776, it will be found that the diameter of 
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the snn is about 886,877 miles. Therefore, if the cen- 
ter of the sun were to coincide with the center of the 
^arth, Ms volume would not only include the orbit ; of 
the moon, but would extend nearly as far again ; for 
the moon's mean distance fr6m the earth is about sixty 
times the earth's mean radius, or 237,360 miles : so that 
twice the distance of the moon is 474,720 miles, which 
differs but little from the solar radius; his equatorial 
radius is probably not much less than the major axis of 
the lunar orbit. The diameter of the moon is only 2160 
miles ; and Jupiter's diameter of 87,000 miles is very 
much less than that of the sun ; the diameter of Pallas 
does not much exceed 79 miles, so that an inhabitant of 
that planet, in one of our steam carriages, might go 
round his world in a few hours. 

The densities of bodies are proportional to their 
masses, divided by their volumes. Hence, if the sun 
and planets be assumed to be spheres, their volumes 
will be as the cubes of their diameters. Now, the Ap- 
parent diameters of the sun and earth, at their mean 
distance, are 1922" and 17"* 1552, and the mass of the 
earth is the 354,936th part of that of the sun taken as 
the unit. It follows, therefore, that the earth is nearly 
four times as dense as the sun. But the sun is so large, 
that his attractive force would cause bodies to fall 
through about 334*65 feet in a second. Consequently, 
if he were habitable by human beings, they would be 
unable to move, since their weight would be thirty times 
as great as it is Ijere. A man of moderate size would 
weigh about two tons at the surface of the sun ; where- 
as at the surface of the four new planets he would be so 
light, that it would be impossible to stand steady, sincQ 
he would only weigh a few pounds. The mean density 
of the earth has been recently determined with a de- 
gree of accuracy that leaves nothing farther to be de- 
sired. Since a comparison of the action of two planets, 
upon a third gives the ratio of the masses of these two 
planets, it is clear that if we can compare the effect of 
the whole earth with the effect of any part of it, a com- 
parison may be instituted between the mass of the 
whole earth and the mass of that part of it. Now a 
leaden ball was weighed against the eaith by comparing 



tecT. VnL ABTRONOHIOAL TABLSa 57 

the effects of each upon a pendulum ; the nearness of 
the smaller mass making it produce a sensible effect as 
conipared with that of 3ie larger : for by the laws of 
attraction the whole earth must be considered as col- 
lected in its center. By this method it has been found 
that the mean density of the earth is 5*675 times greater 
than that of water at the temperature of 62° of Fahren- 
heit's thermometer. The laite Mr. Baily, whose accu- 
racy as an experimental philosopher is acknowledged, 
was unremittingly occupied nearly four years in accom- 
plishing this very important object. All the planets and 
satellites appear to be of less density than the earth. 
The motion of Jupiter's satellites show that his density 
increases toward his center. Were hb mass homogene- 
ous, his equatorial and polar axis would be in the ratio 
of 41 to 36, whereas they are observed to be only as 41 
to 38. The singular irregularities in the form of Sat- 
urn, and the great compression of Mars, prove the in- 
ternal structure of these two planets to be very far from 
uniform. 

Before entering on the theory of rotation, it may not 
be foreign to the subject to give some idea of the meth- 
ods of computing the places of the planets, and of form- 
ing astronomical tables. Astronomy is now divided into 
the three distinct departments of theory, observation* 
and computation. Since the problem of the three bod- 
ies can only be solved by approximation, the analytical 
astronomer determines tiie position of a planet in space 
by a series of corrections. Its place in its circular orbit 
is first found, then the addition or subtraction of the 
equation of the center (N. 48) to or from its mean place, 
gives its position in the ellipse. This again is corrected 
by the application of the principal periodic inequalities. 
But as these are determined for some particular position 
of the three bodies, they require to be corrected to suit 
other relative positions. This process is continued till 
the corrections become less than the errors of observa- 
tion, when it is obviously unnecessary to carry the ap- 
proximation further, 'the true latitude and distance of 
the planet from the sun are obtained by methods similar 
to those employed for the longitude. 
As the earth revolves eqimbly about its axis in 24 
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hours, at the rate of 15° in an hour, time becomes a 
measure of angular motion and the principal element in 
astronomy, where the object is to determine the exact 
state of the heavens, and the successive changes it under- 
goes in all ages, past, present, and to come. Now the 
k>ngitude, latitude, and distance of a planet from the 
sun, are given in terms of the time, by general analytical 
formulae. These foi*mulaB will consequently give the 
exact place of the body in the heavens, for any time as- 
sumed at {deasure, provided they can be reduced to 
numbers. But before the calculator begins his task, the 
observer must furnish the necessary data, which are, 
obviously, the forms of the orbits, and their positions 
with regard to the plane of the ecliptic (N. 57). It is 
therefore necessary to determine by observation for each 
planet, the length of the major axis of its orbit, the ec- 
centiicity, the inclination of the orbit to the plane of the 
ecliptic, the longitudes of its perihelion and ascendipg 
node at a ^ven time, the periodic time of the planet, 
and its longitude at any instant arbitrarily assumed, as 
an origin from whence all its subsequent and antecedent 
longitudes are estimated. Each of these quantities is 
determined from that position of the planet on which it 
has most influence. For example, the sum of the great- 
est and least distances of the planet from the sun is 
equal to the major axis of the orbit, and their difference 
is equal to twice the eccentricity. The longitude of the 
planet, when at its least distance from the sun, is the 
same with the longitude of the perihelion ; the greatest 
latitude of the planet is equal to the inclination of the 
orbit ; the longitude of the planet, when in the plane of 
the. ecliptic in passing toward the noith, is the longitude 
of the ascending node, and the periodic time is the in- 
terval between two consecutive passages of the planet 
through the same node, a small correction being made 
for the precession of the node, during the revolution of 
the planet (N. 135). Notwithstanding the exceUence of 
instruments and the accuracy of modern observers, una- 
voidable errors of observation can only be compensated 
by finding the value of each element from the mean of 
a thousand, or even many thousands of observations. 
For a« it is probable that the errors are not all in ono 
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direction, but that some are in excess and others In de- 
fect, they wiU compensate each other when combined. 

However, the values of the elements determined sep- 
arately, can only be regarded as approximate, because 
they are so connected, that the estimation of any one 
independently, will induce errors in the others. The 
eccentricity depends upon the longitude of the perihe- 
lion, the mean motion depends upon the major axis, the 
longitnde of the node upon the inclination of the orbit, 
and vice versd. Consequently, the place of a planet com- 
pated with the approximate data will differ from its ob- 
served place. Then the difficulty is to ascertain what 
elements are most in fault, since the difference in ques- 
tion is the error of all ; that is obviated by finding the 
errors of some thousands of observations, and combining 
them, so as to correct the elements simultaneously, and 
to make the sum of the squares of the errors a minimum 
with regard to each element (N. 136). The method of 
accomplishing this depends upon the Theory of Proba- 
bilities ; a subject fertile in most important results in the 
yarious departments of science and of civil life, and quite 
indispensable in the determination of astronomical aata. 
A series of observations continued for some years will 
give approximate values of the secular and periodic ine- 
qualities, which must be corrected from time to time, 
till theory and observation agree. And these again will 
give values of the masses of the bodies forming the solar 
system, which are important data in computing their 
motions. The periodic inequalities derived from a great 
number of observations are employed for the determina- 
tion of the values of the masses till such time as the 
secular inequalities shall be perfectly known, which will 
then give them with all the necessary precision. When 
all these quantities are determined in numbers, the lon- 
gitude, latitude, and distance of the planet from the 
sun are computed for stated intervals, and formed into 
tables, arranged according to the time estimated from a 
given epoch, so that the place of the body may be deter- 
• mined from them by inspection alone, at any instant, for 
perhaps a thousand years before and after that epoch. 
By this tedious process, tables have been computed for 
eleven planets, besides the moon and the satellites of 
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Jupiter. In the present state of astronomy, the i 
and elements of the orbits are pretty well known, so 
that the tables only require to be corrected from time 
to time, as observations become more accurate. Those 
containing the motions of Jupiter, Saturn, .and Uranusi 
have already been twice constructed within the last thirty 
years. The tables of Jupiter and Saturn agree almost 
perfectly with modem observation ; those of Uranus, 
howev^, are already defective, probably because the 
discovery of that planet in 1781, is too recent to admit 
of much precision in the determination of its motions, 
or that possibly it may be subject to disturbances troiq 
some unseen planet revolving about the sun beyond the 
present boundaries of our system. If, after a lapse of 
years, the tables formed from a combination of numer- 
ous observations should be still inadequate to represent 
the motions of Uranus, the discrepancies may revea) 
the existence, nay even the mass and orbit of a body 
placed forever beyond the sphere of vision. 

The tables of Mars, Venus, Mercury, and even those 
of the sun, have been greatly improved, and still occupy 
the attention of Professor Airy and other distinguished 
astronomers. We are chiefly indebted to the German 
astronomers for tables of the four new planets, which 
are astonishingly perfect, considering that these bodies 
have not been discovered more than forty years, and a 
much longer time is requisite to develop their inequal- 
ities. 



Section IX. 

Rotation of the Sun and Planets — Saturn's Rings — Periods of the Rotation 
of the Moon and other Satellites equal to the Periods of their Revola> 
tions — Form of Lunar Spheroid — Libration, Aspect, and Constitution of 
the Moon — Rotation of Jupiter's Satellites. 

The oblate form of several of the planets indicates 
rotatory motion. This has been confirmed in most 
cases by tracing spots on their surface, by which their 
poles and times of rotation have been determined. The 
rotation of Mercury is unknown, on account of his prox- 
imity to the sun ; that of the new planets has not yet 



Bbct. IX. ROTATION OF SUN AND PLANETS. 61 

been ascertained. The sun revolves in twenty-five days 
and ten hours about an axis which is directed toward a 
point half-way between the pole-star and Lyra, the plane 
of rotation being inclined by 7° 30', or a little more than 
seven degrees, to the plane of the ecliptic ; it may there- 
fore be concluded that the sun's mass is a spheroid, 
flattened at the poles. From the rotation of the sun, 
there is every reason to believe that he has a progres- 
sive motion in space, although the direction to which he 
tends is unknown ; but, in consequence of the reaction 
of the planets, he describes a small irregular orbit about 
the center of gravity of the system, never deviating from 
his position by more than twice his own diameter, or a 
fittie more than seven times the distance of the moon 
from the earth. The sun and all his attendants rotate 
from west to east, on axes that remain nearly parallel 
to themselves (N. 137) in every point of their orbit, and 
with angular velocities that are sensibly uniform (N. 
138). Although the uniformity in the direction of their 
rotation is a circumstance hitherto unaccounted for in 
the economy of nature, yet, from the design and adapta- 
tion of every other part to the perfection of the whole, 
a coincidence so remarkable cannot be accidental ; and 
as the revolutions of the planets and satellites are also 
from west to east, it is evident that both must haVe 
arisen from the primitive cause which determined the 
planetary motions. Indeed, La Place has computed 
the probability to be as four millions to one that all the 
motions of the planets, both of rotation and revolution, 
were at once imparted by an original common cause, 
but of which we know neither the nature nor the 
epoch. 

The larger planets rotate in shorter periods than the 
smaller planets and the earth. Their compression is, 
consequently, greater, and the action of the sun and of 
their satellites occasions a nutation in their axes and a 
precession of their equinoxes (N. 144) similar to that 
which obtainis in the terrestrial spheroid, from the at- 
traction of the sun and moon on the prominent matter 
at the equator. Jupiter revolves in less than ten hours 
about an axis at right angles to certain dark belts, or 
bands, which always cross his equator. This rapid rota- 
F 
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tion occaBions a very great compression in his form. 
His equatorial axis exceeds his polar axis by 6000 miles, 
whereas the difference in the axes of the earth is only 
about twenty-six and a half. It is an evident conse- 
quence of Kepler's law of the squares of the periodic 
times of the planets being as the cubes of the major 
axes of their orbits, that the heavenly bodies move 
slower the farther they are from the sun. In compa*- 
ring the periods of the revolutions of Jupiter and Saturn 
wim the times of their rotation, it appears that a year 
of Jupiter contains nearly ten thousand of his days, and 
that of Saturn about thirty thousand Saturnian days. 

The appearance of Saturn is unparalleled in the sys- 
tem of the world. He is a spheroid nearly 1000 times 
larger than the earth, surrounded by a ring even brighter 
than himself, which always remains suspended in the 
plane of his equator ; and, viewed with a very- good 
telescope, it is found to consist of two concentric rings, 
divided by a dark band. The mean distance of me 
interior part of this double ring from the surface of the 
planet is about 22,240 miles ; it b no less than 33,360 
miles broad, but, by the estimation of Sir John Herschel, 
its thickness does not much exceed 100 miles, so that it 
appears like a plane. By the laws of mechanics, it is 
impossible that this body can retain its position by the 
adhesion of its particles alone. It must necessarily 
revolve with a velocity that will generate a centrifugal 
force sufficient to balance the attraction of Saturn. Ob- 
servation confirms the truth of these principles, showing 
that the rings rotate from west to east about the planet 
in ten hours and a half, which is nearly the time a satel- 
lite would take to revolve about Saturn at the same dis- 
tance. Their plane is inclined to the ecliptic, at an 
angle of 28° 10' 44''*5 ; in consequence of this obliquity 
of position, they always appear elliptical to us, but with 
an eccentricity so variable as even to be occasionally like 
a straight line drawn across the planet. In the begin- 
ning of October, 1832, the plane of the rings passed 
through the center of the earth ; in that position they 
are only visible with very superior instruments, and 
appear like a fine line across the disc of Saturn. About 
the middle of December, in the same year, the rings 
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became visible with ordinary instruments, on accoant of 
their plane passing throu^ the sun. In the end of 
April, 1833, the rings vanished a second time, and re^ 
appeared in June of that year. Similar phenomena 
will occur in 1847, and generally as often as Saturn has 
the same longitude with either node of his rings. Each 
side of these rings has alternately fifteen years of sun- 
shine and fifteen years of darkness. A dark line has 
been seen in the outer ring, supposed to indicate a sub- 
division. 

It is a singular result of theory that the rings could 
not maintain their stability of rotation if they were 
everywhere of uniform thickness ; for the smaUest dis- 
turbance would destroy the equilibrium, which would 
become more and more deranged, till at last they would 
be precipitated on the surface of the planet. ' The rings 
of Saturn must, therefore, be irregular solids of uneqiud 
breadth in different parts of the circumference, so that 
tlieir centers of gravity do not coincide with the centers 
of their figures. Professor Struve has also discovered 
that the center of the ring is not concentric with the 
center of Saturn. The interval between the outer edge 
of the globe of the planet and the outer edge of the ring 
on one side is 11"'272, and on the other side the inter- 
val is ll''*390, consequently there is an eccentricity of 
tJie globe in the ring of 0''-215. If the rings obeyed 
different forces they would not remain in the same 
plane; but the powerful attraction of Saturn always 
maintains them and his satellites in the plane of his 
equator. The rings, by their mutual action, and that 
of the sun and sateUites, must oscillate about the center 
of Saturn, and produce phenomena of light and shadow 
whose periods extend to many years. According to M. 
Bessel the mass of Saturn's ring is equal to the yfy part 
of that of the planet. 

The periods of rotation of the moon and the other 
satellites are equal to the times of their revolutions; 
consequently these bodies always turn the same face to 
their primaries. However, as the mean motion of the 
moon is subject to a secular inequality which wiU ulti- 
mately amount to many circumferences (N. 107), if the 
xotation of the moon were perfectly uniform and not 
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affected by the same inequalities, it would cease exactly 
t(r counterbalance the motion of revolution; and the 
moon, in the course of ages, would successively and 
gradually discover every point of her surface to the 
earth. But theory proves that this never can happen ; 
for the rotation of the moon, though it does not partake 
of the periodic inequalities of her revolution, is affected 
by the same secular variations, so that her motions of 
rotation and revolution round the earth will always 
balance each other and remain equal. This circum- 
stance arises from the form of the lunar spheroid, which 
has three principal axes of different lengths at right 
angles to each other. 

The moon is flattened at her poles from her centri-* 
fugal force ; therefore her polar axis is the least. The 
other two are in the plane of her equator ; but that 
directed toward the earth is the greatest (N. 139). The 
attraction of the earth, as if it had drawn out that part 
of the moon^s equator, constantly brings the greatest 
axis, and, consequently, the same hemisphere, toward 
us, which makes her rotation participate in the secular 
variations of her mean motion of revolution. Even if 
the angular velocities of rotation and revolution had not 
been nicely balanced in the beginning of the moon*s 
motion, the attraction of the earth would have recalled 
the greatest axis to the direction of the line joining the 
centers of the moon and earth, so that it would have 
vibrated on each side of that line in the same manner as 
a pendulum oscillates on each side of the vertical froni 
the influence of gravitation. No such libration is per- 
ceptible ; and, as the smallest disturbance would make 
it evident, it is clear that, if the moon has ever been 
touched by a comet, the mass of the latter must have 
been extremely small. If it had been only the hundred 
thousandth part of that of the earth, it would have ren- 
> dered the libration sensible. According' to analysis, a 
similar libration exists in the motions of Jupiter's satel- 
lites, which still remains insensible to observation, and 
yet the comet of 1770 passed twice through the midst 
of them. 

The moon, it is true, is liable to librations dependmg 
upon the position of the spectator. At her rising, part 
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of the western edge of lier disc is visible, which is ia- 
visible at her setting, and the contrary takes place with 
regard to her eastern edge. There are also librations 
arising from the relative positions of the earth and 
moon in their respective orbits ; but as they are only 
optical appearances, one hemisphere will be eternally 
concealed from the earth. For the same reason, the 
earth, which must be so splendid an object to one lunar 
hemisphere, will be forever veiled from the other. On 
account of these circumstances, the remoter hemi- 
sphere of the moon has its day a fortnight long, and a 
night of the same duration, not even enlightened by a 
moon, while the &Tored side is illuminated by the re- 
flection of the eami during its long night. A planet 
exhibiting a sarhfce thirteen times larger than ^t of 
the moon, with all the varieties of clouds, land, and 
water coming successively into view, must be a splen^ 
did object to a lunar traveler in a journey to his an- 
tipodes. The great height of the lunar mountains prob- 
ably has a considerable influence on the phenomena of 
her motion, the more so as her compression is smaU, 
and her mass considerable. In the curve passing 
through the poles, and that diameter of the moon which 
always points to the earth, nature has furnished a per-, 
manent meridian, to which the different spots on her 
surface have been referred, and their positions are de- 
termined with as much accuracy as those of many of 
the most remarkable places on the surface of our globe. 
The distance and minuteness of Jupiter's satellites 
render it extremely diflicult to ascertain their rotation. 
It was, however, accomplished by Sir William Herschel 
from their relative brightness. He observed that they 
alternately exceeded each other in brilliancy, and, by 
comparing the maxima and minima of their iUumhiation 
with their positions relatively to the sun and to their 
primary, he found that like the moon the time of their 
rotation is et^ual to the period of their revolution about 
Jupiter. Miraldi was led to the same conclusion with 
regard to the fourth satellite, from the motion of a spot 
on its surface. 

5 v2 
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Section X. 

Rotation of the Earth inTariable— Decrease in the EartVs Mean Tempera- 
tore — ^Earth originally in a State of Fusion — Length of Bay constaat — 
Decrease of Temperature ascribed by Sir John Herschel to the YariatMni 
in the Eccentricity of the Terrestrial Orbit — ^Diflference in the Tenure- 
tnie of the Two Hemispheres, erroneously ascribed to the Excess in the 
Length of Spring and Summer in the Southern Hemisphere ; attributed 
by Mr. Lyell to the Operation of existing Causes — ^Three Principal Axes 
of Rotation — ^Position of the Axis of Rotation on the Surfikce of the Earth 
invariable — Ocean not sufficient to restore the Equilibrium of the Earth 
if deranged— Its Density and Mean Depth— Internal Structure of the 
Earth. 

The rotation of the eartli, which determines the length 
of the day t may be regarded as one of the most import- 
ant elements in the system of the world. It serres as 
a measure of time, and forms the staiidard of com- 
parison for the revolutions of the celestial bodies, which 
by their proportional increase or decrease would soon 
disclose any changes it might sustain. Theory and 
ol^ervation concur in proving that among the inaumer- 
able vicissitudes which prevaol throughout creation, the 
period of the earth^s diurnal rotation is immutable. 
The water of rivers, &lling from a higher to a lower 
level, carries with it. the velocity due to its revolution 
with the earth at a greater distance from the center ; it 
will therefore accelerate, although to an almost infinites- 
imal extent, the earth's daily rotation. The sum of all 
these increments of velocity arising from the descent of 
all the rivers on the earth's surface would in time be- 
come perceptible, did not nature by the process of evap- 
oration raise the waters back to their sources ; and thus, 
by again removing matter to a greater distance from 
the center, destroy the velocity generated by its pre- 
vious approach ; so that the descent of rivers does not 
affect the earth's rotation. Enormous masses projected 
by volcanos from the equator to the poles, and the con- 
trary, would indeed affect it, but there is no evidence of 
such convulsions. The disturbing action of the moon 
and planets, which has so powerful an effect on the 
revolution of the earth, in no way influences its rota- 
lion. The constant friction of the trade-winds on the 
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mouDtaios and coDtinents between the tropics does not 
impede its velocity, which theory even proves to be the 
same as if the sea together with the earth formed one 
solid mass. But although these circumstances be in- 
sufficient, a variation in the mean temperature would 
certa'mly occasion a corresponding change in the velocity 
of rotation. In the science of dynamics it is a principle 
m a system of bodies or of particles revolving about a 
fixed center, that the momentum or sum of the pro- 
ducts of the mass of each into its angular velocity and 
distance from the center b a constant quantity, if the 
system be not deranged by a foreign cause. Now since 
the number of particles in the system is the same what- 
ever its temperature may be, when their distances from 
t^e center are diminished theur angular velocity must 
be increased, in order that the preceding quantity may 
still remain constant. It follows then that as the primi- 
tive momentum of rotation with which the earth was 
projected into space must necessarily remain the same, 
the smallest decrease in heat by contracting the terres- 
trial spheroid would accelerate its rotation, and conse- 
quently dimtnbh the length of the day. Notwithstand- 
ing the constant accession of heat from the sun's rays, 
geologists have been induced to believe from the fossil 
remains, that the mean temperature of the globe is de- 
creasing. 

The high temperature of mines, hot springs, and 
above all die internal fires which have produced and do 
still occasion such devastation on our planet, indicate an 
augmentation of heat toward its center. The increase 
of density corresponding to the depth and the form of 
the spheroid being what theory assigns to a fluid mass 
in rotation, concurs to induce the idea that the ten^pera- 
ture of the earth was originally so high as to reduce all 
the substances of which it is composed to a state of 
fusion or of vapor, and that in the course of ages it has 
cooled down te its present state ; that it is still becoming 
colder, and that it will continue to do so till the whole 
mass arrives at the temperature of the medium in 
which it is placed, or rather at a state of equilibrium 
between this temperature, the cooling power of its own 
radiation, and the heating effect of the sun's rays. . 
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Previous to the formation of ice at the poles, the 
ancient lands of northern latitudes might no doubt have 
been capable of producing those tropical plants pre- 
served in the coal-measures, if indeed such plants could 
flourish without the intense light of a tropical sun. But 
even if the decreasing temperature of the earth be 
sufficient to produce the observed effects, it must be 
extremely slow in its operation ; for in consequence of 
the rotation of the earth being a measure of the periods 
of the celestial motions, it has been proved that if the 
length of the day had decreased by the three-thou- 
sandth part of a second since the observations of Hippar- 
chus two thousand years ago, it would have diminished 
the secular equation of the moon by 4''* 4. It is there- 
fore beyond a doubt that the mean temperature of the 
earth cannot have sensibly varied during that time. If 
then the appearances exhibited by the strata are really 
owing to a decrease of internal temperature, it either 
shows the immense periods requisite to produce geo- 
logical changes, to which two thousand years are as 
nothing, or £at the mean temperature of the earth had 
arrived at a state of equilibrium before these observa- 
tions. 

However strong the indications of the primitive 
fluidity of the earth, as there is no direct proof of it, 
the hypothesis can only be regarded as very probable. 
But one of the most profound philosophers and elegant 
writers of modern times has found in the secular varia- 
tion of the eccentricity of the terrestrial orbit an evident 
cause of decreasing temperature. That accomplished 
author, in pointing out the mutual dependencies of phe- 
nomena, says, " It is evident that the mean temperature 
of the whole surface of the globe, in so far as it is main- 
tained by the action of the sun at a higher degree than 
it would have were the sun extinguished, must depend 
on the mean quantity of the sun's rays which it re- 
ceives, or — which comes to the same thing — on the 
total quantity received in a given invariable time ; and 
the length of the year being unchangeable in all the 
fluctuations of the planetary system, it follows that the 
total amount of solar radiation will determine, ceteris 
paribus^ the general climate of the earth. Now, it is 
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not difficult to show that this amount is inversely pro- 
portional to the minor axis of the ellipse described by 
the earth about the sun (N. 140), regarded bs slowly 
▼ariable ; and that, therefore, the major axis remaining, 
as we know it to be constant, and the orbit being actu- 
.ally in a state of approach to a circle, and consequently 
tiie minor axis being on the increase, the mean annual 
• amount of solar radiation received by the whole earth 
miust be actually on the decrease. We have therefore 
an evident real cause to account for the phenomenon.'* 
The limits of the variation in the eccentricity of the 
earth's orbit are unknown. But if its ellipticity has 
ever been as great as that of the orbit of Mercury or 
Pallas, the mean temperature of the earth must have 
been sensibly higher than it is at present. Whether it 
wa£l great enough to render our northern climates fit 
for the production of tropical plants, and for the resi- 
dence of the elephant and other animals now inhabitants 
of the torrid zone, it is impossible to say. 

Of the decrease in temperature of the northern 
hemisphere there is abundant evidence in the fossil 
plants discovered in very high latitudes, which could 
only have existed in a ti'opical climate, and which must 
hiBLve grown near the spot where t^ey are found, from 
the delicacy of their structure and the perfect State of 
their preservation. This change of temperature has 
been erroneously ascribed to an excess in the duration 
of spring and summer in the northern hemisphere, in 
consequence of the eccentricity of the solar ellipse. 
The length of the seasons varies with the position of 
the perihelion (N. 64) of the eartii's orbit for two 
reasons. On account of the eccentricity, small as it is, 
any line passing through the center of the sun divides 
the terrestrial ellipse into two unequal parts, and by the 
laws of elliptical motion the earth moves through diese 
two portions with unequal velocities. The perihelion 
always lies in the smaller portion, and there the earth's 
motion is the most rapid. In the present position of 
the perihelion, spring and summer north of the equator 
exceed by about eight days the duration of the same 
seasons south of it. And 10,492 years ago the southern 
hemiaphere en|oyed the advantage we now possess 
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&om the secular variation of the perihelion. Yet Sir 
John Herschel has shown that by this altemtion neither 
hemisphere acquires any excess of light or heat above 
the otiier ; fixr although the earth is nearer to the sun 
while moving through that part of its orbit in which die 
perihelion lies than in the other part, and consequently 
receives a greater quantity of light and heat, yet as it 
moves faster it is exposed to &e heat for a diorter 
time. In the other part of the orbit, on the contrary, 
the earth being farther from the sun receives fe^er of 
his rays, but because its motion is slower it is exposed 
to them for a longer time. And as in both cases the 
quantity of heat and the angular velocity vary exactly in 
the same proportion, a perfect compensation takes place 
(N. 141). So that the eccentricity of the earth*s orbit 
has little or no effect on the temperature corresponding 
to the difference of the seasons. 

Mr. Lyell, in his excellent work on Geol<^, refers 
the increased cold of the northern hemisphere to the 
operation of existing causes, with more probability than 
most theories that have been advanced in solution of 
this difficult subject. The loftiest mountains would be 
represented by a grain of sand on a globe six feet in 
diameter, and the depth of the ocean by a pcratch on 
its surface. Consequently the gradual elevation of a 
continent or chain of mountains above the surface of the 
ocean, or their depression below it, is no very great 
event compared with the magnitude of the earth, and 
the energy of its subterranean fires, if the same periods 
of time be admitted in the progress of geological as in 
astronomical phenomena, which the successive and va- 
rious races of extinct beings show to have been immense. 
Climate is always more intense in the interior of con- 
tinents than in islands or sea-coasts. An increase of 
land within the tropics would therefore augment the 
general heat, and an increase in the temperate and 
frigid zones would render the cold more severe. Now 
it appears that most of the European, North Asiatic, 
and North American continents and islands were raised 
from the deep after the coal-measures were formed in 
which the fossil tropical plants are found ; and a variety 
of geological facts indicate the existence of an ancient 



flMV. X. AXn OF mOTATIOlf IflTARIABLB. 71 

and extensive archipelago liironghoat the greater part 
of the norliiem hemisphere. Mr. Lyell is therefore of 
opinion that the climate of these islands mnst have 
been sufficientJy mild in consequence of the surrounding 
ocean to clothQ^ them with tropical plants, and render 
liiem a fit abode for the huse animals whose fossil 
remains are so often found. That the arborescent ferns 
and the palms of these regions, carried by streams to 
the bottom of the ocean, were imbedded in the strata 
which were by degrees heaved up by the subterranean 
fires during a long succession of ages, till die greater 
part of the northern hemisphere became dry land as it 
now is, and that the consequence has been a continual 
decrease of temperature. 

It is evident from the marine shells found on the tope 
of the highest mountains and in almost every part of 
the globe, that immense continents have been elevated 
above die ocean, which must have ingulfed odiers. 
Such a catastrophe would be occasioned by a variation 
in die position of the axi? of rotation on the surface of 
the earth ; for the seas tending to a new equator would 
leave some portions of the globe and overwhelm others. 
Now, it is found by the laws of mechanics that in every 
body, be its form or density what it may, there are at 
least diree axes at right angles -to each odier, round 
any one of which, if the soUd begins to rotate, it vnH 
continue to revolve forever, provided it be not disturbed 
by a foreign cause, but diat the rotation about any 
other axis will only be for an instant, and consequent^ 
the poles or extremities of the instantaneous axis of 
rotation would perpetually chafige their position on die 
surface of the body. In an ellipsoid of revolution the 
polar diameter and every diameter in the plane of the 
equator are the only permanent axes of rotation (N. 
142). Hence if die ellipsoid were to begin to revolve 
about any diameter between the pole and the equator, 
the motion would be so unstable that the axis of rota- 
tion and the position of the poles would change every 
instant. Therefdre as the earth does not differ much 
from this figure, if it did not turn round one of its prin- 
cipal axes, the position of the poles would change daily; 
the equator, which is 90® distant, would undergo cor- 



72 AXIS OF ROTATION INVARIABLB. Skct.X. 

responding variations ; and the geographical latitudes of 
all places being estimated from the equator, assumed to 
be fixed, would be perpetually changing. A displace- 
ment in the position of the poles of only two hundred 
miles would be sufficient to produce these effects, and 
would immediately be detected. But &s the latitudes 
are found to be invariable, it may be concluded that the 
terrestiial spheroid must have revolved about the same 
axis for ages. The earth and planets di£fer so little 
from ellipsoids of revolution, that in all probability any 
libration from oua axis to another produced by the 
primitive impulse which put them in motion, must have 
ceased soon after their creation from the friction of the 
fluids at their surface. 

Theory also proves that neither nutation, precession, 
nor any of the disturbing forces that affect the system, 
have the smallest influence on the axis of rotation, which 
maintains a permanent position on the surface, if the 
earth be not disturbed in its rotation by a foreign cause, 
as the collision of a comet, which might have happened 
in the inunensity of time. But had that been the case, 
its effects would still have been perceptible in the varia- 
tions of the geographical latitudes. If we suppose that 
such an event had taken place, and that the disturbance 
had been very great, equilibrium could then only have 
been restored with regard to a new axis of rotation by 
the rushing of the seas to the new equator, which they 
must have continued to do till the surface was every- 
where perpendicular to the direction of gravity. But it 
is probable that such an accumulation of the waters 
would not be sufficient to restore equilibrium if the de- 
rangement had been great, for the mean density of the 
sea is only about a fifth part of the mean density of the 
earth, and the mean depth of the Pacific Ocean is sup- 
posed not to be more than four or five miles, whereas 
the equatorial diameter of the earth exceeds the polar 
diameter by about 26i miles. Consequently the influ- 
ence of the sea on the du'ection of gravity is very small. 
And as it thus appears that a great change in the posi- 
tion of the axis is incompatible with the law of equilib- 
rium, the geological phenomena in question must be 
ascribed to an internal cause. Indeed it is now demon- 
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strated that the strata containing marine diluvia which 
are in lofty situations, must have been formed at the 
bottom of the ocean and afterward upheaved by the 
action of subterraneous fires. Besides, it is clear from 
the mensuration of the arcs of the meridian and tlie 
length of the seconds* pendulum, as well as from the 
lunar theory, that the internal strata and also the exter- 
nal outline of the globe are elliptical, their centers being 
coincident and their axes identical with that of the sur- 
face — a state of things which, according to the distin- 
guished author lately quoted, is incompatible with a 
siibsequent accommodation of the surface to a new and 
different state of rotation from that which determined 
the original distribution of the component matter. Thus 
amid the mighty revolutions which have swept innumer- 
able races of organized beings from the earth, which 
have elevated, plains and buried mountains in the ocean, 
the rotation of the earth and the position of the axis on 
its surface have undergone but slight variations. 

The strata of the terrestrial spheroid are not only 
concentric and elliptical, but the lunar inequalities show 
that they increase in density from the surface of the 
earth to its center. This would certainly have happened 
if the earth had originally been fluid, for the denser parts 
must have subsided toward the center as it approached 
a state of equilibrium. But the enormous pressure of 
the superincumbent mass is a sufficient cause for the 
phenomenon. Professor Leslie observes that air com- 
pressed into the fiftieth part of its volume has its elas- 
ticity fifty times augmented. If it continues to contract 
at that rate, it would, from its own incumbent weight, 
acquire the density of water at the depth of thirty-four 
miles. But water itself would have its density doubled 
at the depth of ninety-three miles, and would even at- 
tain the density of quicksilver at a depth of 362 miles. 
Descending therefore toward the center through nearly 
4000 miles, the condensation of ordinary substances 
would surpass the utmost powers of conception. Dr. 
Young says that steel would be compressed into one- 
fourth and stone into one-eighth of its bulk at the earth's 
center. However, we are yet ignorant of the laws of 
compression of solid bodies beyond a certain limit ; from 
G 
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the experiments of Mr. Perkins they appear to be ca- 
pable of a greater degree of compression than has gen- 
erally been imagined. 

But a density so extreme is not bom^ out by astro- 
nomical observation. It might seem to follow, there- 
fore, that our planet must have a widely cavernous 
structure, and diat we tread on a crust or shell whose 
thickness bears a very small proportion to the diameter 
of its sphere. Possibly, too, this great condensation at 
l^e central regions may be counterbalanced by the in- 
creased elasticity due to a very eAevated temperature. 



Section XI. 

Precessicm and Ntrtetiim— •Their Eflecte on the Apparent Places of ^ 
Fixed Stan. 

It has been shown that the axis of rotation is invari- 
able on the surface of the earth ; and observation as well 
as theory prove that were it not for the action of th^ 
sun and moon on the matter at the equator, it would 
remain exactly parallel to itself in every point of its orbit. 

The attraction of an external body not only draws a 
spheroid toward it, but as the force varies inversely as 
the square of the distance, it gives it a motion about its 
center of gravity, unless when the attracting body is sit- 
uated in the prolongation of one of the axes of the sphe- 
roid. The plane of the equator is inclined to the plane 
of the ecliptic at an angle of 23° 27' 34''-69 ; and the 
inclination of the lunar orbit to the same is 5° 8' 47"*9. 
Consequently, from the oblate figure of the earth, the 
sun and moon acting obliquely and unequaUy on the dif- 
ferent parts of the terrestrial spheroid, urge the plane 
of the equator from its direction and force it to move 
from east to west, so that the equinoctial points have a 
slow retrograde motion on the plane of the ecliptic, of 
50"' 41 annually. The direct tendency of this action is 
to make the planes of the equator and ecliptic coincide, 
but it is balanced by the tendency of the earth to return 
to stable rotation about the polar diameter, which is one 
of its principal axes of rotation. Therefore the inclina- 
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tibn of the two planes remains constant, as a top spin- 
ning preserves the same inclination to the plane of the 
horizon. Were the earth spherical* this effect would 
not be produced, and the equinoxes would always cor- 
respond witii the same points of the ecliptic, at least as 
far as this kind of motion is concerned. But another 
and totally different cause which operates on this motion 
has already been mentioned. The action of the planets 
on one another and on the sun occasions a yery slow va- 
riation in the position of the plane of the ecliptic, which 
affects its inclination to the plane of the equator, and 
gives tiie equinoctial points a slow but direct motion on 
the ecliptic of 0'^*31 annually, which is entirely inde- 
pendent of the figure of the earth, and would be the 
same if it were a sphere. Thus the sun and moon, by 
moving the plane of the equator, cause the equinoctial 
points to retrograde on the ecliptic ; and the planets by 
moving the (dane of the ecliptic give them a direct mo- 
tion, though much less than the former. Consequenthr 
t^e difference of the two is the mean precession, whicn 
is proved both by theory and observation to be about 
60"-l annualfy (N. 143). 

As the longitudes of all the fixed stars are increased 
hj this quantity, the effects of precession are soon de- 
tected. It was accordingly discovered by Hipparchus 
m the year 128 before Christ, from a comparison of his 
own observations with those of Timocharis 155 years 
before. In the time of Hipparchus, the entrance of the 
sun into the constellation Aries was the be^nning of 
spring, but since that time the equinoctial points have 
receded 30°, so that the constellations called the signs 
of tlie zodiac are now at a considerable distance from 
those divisions of the ecliptic which bear their names. 
Moving at the rate of 50"*1 annually, the equinoctial 
points will accomplish a revolution in 25,868 years. 
But as the precession varies in different centuries the 
extent of this period will be slightly modified. Since 
the motion of the sun is direct, and that of the equinoc- 
tial points retrograde, he takes a shorter time to return 
to the equator than to arrive at the same stars ; so that 
the tropical year of 365"^ 5^ 48° 49*'7 must be increased 
by the time he takes to move throu^ an arc of dCK^'l, 
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in order to have the length of the sidereal year. The 
timb required is 20" 19'*6, so that the sidereal year con- 
tains 365** 6^ 9" Q'-e mean solar days. 

The mean annual precession is subject to a secular 
variation ; for although the change in the plane of the 
ecliptic in which the orbit of the sun lies be independent 
of the form of the earth, yet by bringing the sun, moon, 
and earth into different relative positions from age to 
age, it alters the direct action of the two first on the 
prominent matter at the equator : on this account the 
motion of the equinox is greater, by 0^^*455 now than it 
was in the time of Hipparchus. Consequently the ac- 
tual length of the tropical year is about 4'*21 shorter 
t^an it was at that time. The utmost change that it 
can experience from this cause amounts to 43 seconds. 

Such is the secular motion of the equinoxes. But it 
is sometimes increased and sometimes diminished by 
periodic variations, whose periods depend upon the 
relative positions of the sun and moon with regard to 
the earth, and which are occasioned by the direct ac- 
tion of these bodies on the equator. Dr. Bradley discov- 
ered that by this action the moon causes the pole of the 
equator to describe a small ellipse in the heavens, the 
axes of which are 18"'5 and 13"*674, the longer being 
directed toward the pole of the ecliptic. The period 
of this inequality is about 19 years, the time employed 
by the nodes of the lunar orbit to accomplish a revolu- 
tion. The sun causes a small variation in the descrip- 
tion of this ellipse ; it runs tiirough its period in half a 
year. Since the whole earth obeys these motions they 
affect the position of its axis of rotation with regard to 
the starry heavens, though not with regard to the sur- 
face of the earth; for in consequence of precession 
alone the pole of the equator moves in a circle round 
the pole of the ecliptic in 25,868 years, and by nutation 
alone it describes a small ellipse in the heavens every 
19 years, on each side of which it deviates every half 
year from the action of the sun. The real curve traced 
in the starry heavens by the imaginary prolongation of 
the earth's axis is compounded of these three motions 
(N. 144). This nutation in the earth's axis affects both 
t]i<^ precession and obliquity with small periodic varia- 
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tions. But in consequeoce of the secular variation in 
the position of the terrestrial orbit, which is chiefly 
owing to the disturbing energy of Jupiter on the earth, 
the obliquity of the ecliptic is annually diminished, ac- 
cording to M. Bessel, by 0"'457. This variation in the 
course of ages may amount to 10 or 11 degrees ; but the 
obliquity of the ecliptic to the equator can never vary 
more than 2" 42^ or 3°, since the equator will follow in 
some measure the motion of the ecliptic. 

It is evident that the places of all the celestial bodies 
are affected by precession and nutation. Their longi- 
tudes estimated from the equinox are augmented by 
precession ; but as it effects all the bodies equally, it 
makes no change in their relative positions. Both the 
celestial latitudes and longitudes are altered to a small 
degree by nutation; hence all observations must be 
corrected for these inequalities. In consequence of this 
real motion in the earth's axis the pole star, forming 
part of the constellation of the Little Bear, which was 
formerly 12° from the celestial pole, is now within 1° 24' 
of it, and will continue to approach it till it is within i°, 
after which it will retreat from the pole for ages ; and 
12,934 years hence the star a Lyrae will come within 
5° of the celestial pole, and become the polar star of 
the northern hemisphere. 



Section XII. 

MeBU an4 Apparent Sidereal Time — Mean and Apparent Solar Time — 
Equation of Time — English and French Subdivisions of Time — Leap 
Year — Christian Era— Equinoctial Time — Remarkable Eras depending 
upon the Position of the Solar Perigee — Inequality of the Lengths of 
the Seasons in the two Hemispheres — Application of Astronomy to Chro- 
ruAx^ — English and French Standards of Weights and Measures. 

AsTRONOMT has been of immediate and essential use 
in affording invariable standards for measuring duration, 
distance, magnitude, and velocity. The mean sidereal 
day measured by the time elapsed between two consec- 
utive transits of any star at the same meridian, and the 
mean sidereal year, which is the time included between 
two consecutive returns of the sun to the same star, 
are immutable units with which all great periods of 
o2 
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tame are compai'ed ; the oscUlatsons of the isochronous 
pendulum measure its smaller portions. By these in- 
variable standards alope we can judge of the slow 
changes that other elements of the system may have 
undergone. Apparent sidereal time, which is measured 
by the transit ik the equinoctial point at the meridian of 
any place, is a variable quantily, from the effects of ■ 
precession and nutation. Clocks . showing apparent 
sidereal time are employed fixr observation, and are so 
regulated that they indicate 0^ 0"* 0* at the instant the 
equinoctial point passes the meridian of the observatory. 
And as time is a measure of angular motion, the clock 
gives the distances of the heavenly bodies from tiie 
equinox by observing the instant at which each passes 
the meridian, and converting the interval into aros at the 
rate of 15"^ to an hour. 

The returns of the sun to the meridian and to the 
same equinox or solstice, have been universally adopted 
as the measure of our civil days and years. The soktf 
or astronomical day is the time that elai^ses between 
two consecutive noons or midnights. It is consequently 
longer than the sidereal day, on account of the propetr 
motion of the sun during a revolution of the celestial 
sphere. But as the sua moves with greater rapidity at 
the winter than at the summer solstice, the astronomi- 
cal day is more nearly equal to the sidereal day in sum- 
mer than in winter. The obliquity of the ecliptic also 
affects its duration ; for near Uie equinoxes the arc of 
the equator is less than the corresponding arc of the 
ecliptic, and in the solstices it is greater (N. 145). The 
astronomical day is therefore diminished in the first 
case, and increased in the second. If the sun moved 
uniformly in the equator at the rate of 59' 8"* 33 every 
day, the solar days would be all equal. The time there- 
fore which is reckoned by the arrival of an imaginary 
sun at the meridian, or of one which is supposed to 
move uniformly in the equator, is denominated mean 
solar time, such as is given by clocks and watches in 
conunon life. When it is reckoned by the arrival of the 
real sun at the meridian it is apparent time, such as is 
given by dials. The difference between the time shown 
by a clock and a dial is the equation of time given in 
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the Nautical Almanac, sometimes amoantiDg to as much 
aa sixteen minutes. The apparent and mean time coin- 
cide four times in the year ; when the sun's daity mo- 
tion in right asoenaion is equal to 69' 8'^* 33 in a mean 
solar di^, which happens atx>ut the 16th of April, the 
16th of June, the 1st of September, and the 26Ch of 
December* 

The astronomical day begins at noon, but in common 
reckoning the day bc^pins at midnight. In £n^and it Is 
divided into twenty-mur hours, which are counted by 
tw^e and twelve ; but in France astronomers, adopting 
the decimal division, divide the day into ten hours, the 
hour into one hundred minutes, and the minute into a 
hundred seconds, because of the facility in computation, 
i^id in conformiQr with their decimal system of weights 
and measures. This subdivision is not now used in 
conunon hfe, n<»r has it been adopted in any other 
GounliT' ; and although some scientific writers in France 
still emi^y that division of time, the custom is begin- 
sing. to wear out. At one period during the French 
revolution, the clock in the ^u^ens of the Tuileries was 
regulated to show decimal time. The mean length of 
the day, though accurately determined, is not sufficient 
fior the purposes either of astronomy or civil life. The 
tropical or civil year of 365^ 5^ 48'° 49*' 7, which is the 
time elapsed between the consecutive returns of the sun 
to the mean equinoxes or solstices, including all the 
changes of the seasons, is a natural cycle peculiarly 
suited for a measure of duration. It b estimated from 
the winter solstice, the middle of the long annual night 
under the north pole. But although the length of the 
civil year is pointed out by nature as a measure of long 
periods, the incommensurability that exists between the 
length of the day and the revolution of the sun, renders 
it difficult to adjust the estimation of both in whole num- 
bers. If the revolution of the sun were accomplished 
in 365 days, all the years would be of precisely the same 
Bumber of days, and would begin and end with the sun 
at the same point of the ecliptic. But as the sun's revo- 
kition includes the fraction of a day, a civil year and a 
revolution of the sun have not the same duration. Since 
the fhustion is nearly the fourth of a day, in four years 
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it is nearly equal to a reyohition of the son, so that the 
addition of a supernumerary day every fourth year 
nearly compensates the difference. But in process of 
time further correction will be necessary, beicause the 
fraction is less than the fourth of a day. In fact, if a 
bissextile be suppressed at the end of three out of four 
centuries, the year so determined will only exceed the 
true year by an extremely small fraction of a day ; and 
if in addition to this a bissextile be suppressed every 
4000 years, the length of the year will be nearly equaJ 
to that given by observation. Were the fraction neg- 
lected, the beginning of the year would precede that of 
the tropical year, so that it would retrograde through 
the different seasons in a period of about 1507 years. 
The Egyptian year began with the heliacal rising of 
Sirius, and contained only 365 days, by which they lost 
one year in every 1461 years, their Sothaic period, or that 
cycle in which the heliacal rising of Sirius passes through 
the whole year and takes place again on the same day. 
The conmiencement of that cycle is placed by ancient 
chronologists in the year 1322 before the Christian era. 
The division of the year into months is very old and almost 
universal. But the period of seven days, by far the 
most permanent division of time, and the most ancient 
monument of astronomical knowledge, was used by the 
Brahmins in India with the same denominations em- 
ployed by us, and was alike found in the calendars of the 
Jews, Egyptians, Arabs, and Assyrians. It has survived 
the fall of empires, and has existed among all successive 
generations, a proof of their common origin. 

The day of the new moon immediately following the 
winter solstice in the 707th year of Rome, was made the 
1st of January of the first year of Julius Caesar. The 
25th of December of his forty-fifth year is considered as 
the date of Christ's nativity ; and the forty-sixth year of 
the Julian Calendar is assumed to be the first of our 
era. The preceding year is called the first yearbefore 
Christ by chronologists, but by astronomers it is called 
the year 0. The astronomical year begins on the 31st 
of December at noon ; and the date of an observation 
expresses the days and hom's which have actually elapsed 
since that time. 
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Since solar and sidereal time are estimated from the 
passage of the sun and the equinoctial point across the 
meridian of each place, the hours are different at differ- 
ent places : while it is one o'clock at one place it is two 
at another, three at another, 6cc. ; for it is obvious that 
it is noon at one part of the globe, at the same moment 
that it is midni^t at another diametricaUy opposite to it; 
consequently an eyent which happens at one and the 
same instant of absolute time is recorded at different 
places, as haying happened at different times. There- 
fore, when observations made at different places are to 
be compared, they must be reduced by computation to 
what they would have been had they been made under 
the same meridian. To obviate this, it was proposed by 
Sir John Herschel to employ mean equinoctial time, 
y^ich is the same for all the world, and independent 
alike of local circumstances and inequalities in the sun's 
motion. It is the time elapsed from the instant the mean 
sun enters the mean vernal equinox, and is reckoned in 
mean solar days and parts of a day. 

Some remarkable astronomical eras are determinec) by 
llie position of the major axis of the solar ellipse, which 
depends upon the direct motion of the perigee (N. 102) 
and the precession of tiie equinoxes conjointly, the 
annual motion of the one being ]1^'*8, and that of the 
other 50''-l. Hence the axis, moving at the rate of 
61'''9 annually, accomplishes a tropical revolution in 
209*84 years. It coincided with the line of the equinoxes 
4000 or 4089 years before the Christian era, much about 
the time chronologists assign for the creation of man. In 
6483 the major axis will again coincide with the line of 
the equinoxes ; but then the solar perigee will coincide 
with the equinox of autumn ; whereas at the creation of 
man it coincided yyith the vernal equinox. In the year 
1246 the major axis was perpendicular to the line of the 
equinoxes ; then the solar perigee coincided with the 
solstice of summer, and the apogee with the solstice of 
yyinter. According to La Place, who computed these 
periods from different data, the last coincidence hap- 
pened in the year 1250 of our era, which induced him to 
propose that year as a universal epoch, the vernal equi- 
nox of the year 1250 to be the first day of the first yeai*. 
6 
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These eras can only be .regarded aa approximate, since 
ancient observations are too inaccurate, and modern ob- 
servations too recent, to afford data for their precise 
determination. 

The variation in the posil^oo of the solar ellipse occa- 
sions corresponding changes in the length of the seasons. 
In its present position spring is shorter than summerr 
and autunm longer than winter; and while the solar 
perigee continues as it now is between the solstice of 
winter and the equinox of spring, the peiiod including 
spring and summer will be tonger than that including 
autumn and winter. In this century the difference is 
between seven and eight days. The intervals will be 
equal toward the year 6483, when the perigee will coin- 
cide with the equinox of spring ; but when it passes that 
point, the spring and summer taken together will be 
shorter than the period including the autumn and winter 
(N. 147). These changes will be accomplished in a 
tropical revolution of the major axis of the earth's orbit, 
which includes an interval of 20,984 years. Were the- 
orbit circular, the seasons would be equal ; their differ- 
ence arises from the eccentricity of the orbit, small as it' 
is ; but the changes are so trifling as to be imperceptiUe 
in the short span of human life. 

No circumstance in the whole science of astronomy 
excites a deeper interest than its application to chronol- 
ogy. " Whole nations," says La Place, ** have been 
swept from the earth, with their languages, arts, and 
sciences, leaving but confused masses of ruins to mark 
the place where mighty cities stood ; their history with - 
the exception of a few doubtful traditions has perished ; 
but the perfection of their astronomical observations 
marks their high antiquity, fixes the periods of their ex- 
istence, and proves that even at that early time they 
must have made considerable progress in science." The 
ancient state of the heavens may now be computed with 
great accuracy ; and by comparing the results of calcu- 
lation with ancient observations, the exact period at 
which they were made may be verified if true, or if 
false their error may be detected. If the date be accu- 
rate and the observation good, it will verify the accuracy 
of modern tables, and wUl show to how numy centuries 
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they may be extended without the fear of error. A few 
examples will show the importance of the subject. 

At the solstices the sun is at his greatest distance from 
the equator, consequently his declination at these times 
is equal to the obliquity of the ecliptic (N. 148), which 
was formerly determined from the meridian length of 
the shadow of the stile of a dial on the day of a solstice. 
The lengths of the meridian shadow at the summer and 
winter solstices are recorded to have been observed at 
the city of Layang, in China, 1100 years before the 
Christian era. From these the distances of the sun 
from the zenith (N. 149) of the city of Layang are 
known. Half the sum of these zenith distances de- 
termines the latitude, and half their difference gives the 
obliquity of the ecliptic at the period of the observation ; 
and as. the law of the variation of the obliquity is known, 
both the time and place of the observations have been 
verified by computations from modem tables. Thus 
the Chinese had made some advances in the science of 
astronomy at that early period. Their whole chronol- 
ogy is founded on the observations of eclipses, which 
prove the existence of that empire for more than 4700 
years. The epoch of the lunar tables of the Indians, 
supposed by Bailly to be 3000 years before the Chris- 
tian era, was proved by La Place, from the acceleration 
of the moon, not to be more ancient than the time of 
Ptolemy, who lived in the second century after it. The 
great inequality of Jupiter and Saturn, whose cycle em- 
braces 918 years, is peculiarly fitted for marking the 
civilization of a people. The Indians had determined 
the mean motions of these two planets in that part of 
their periods, when the apparent mean motion of Saturn 
was at the slowest, and that of Jupiter the most rapid. 
The periods in whk;h that happened were 3102 years 
before the Christian era, and the year 1491 after it. 
The returns of comets to their perihelia may possibly 
mark the present state of astronomy to future ages. 

The places of the fixed stars are affected by die pre- 
cession of the equinoxes ; and as the law of that varia- 
tion is known, their positions at any time may be com- 
puted. Now Eudoxus, a contemporary of Plato, men* 
tioos a star situate in the pole of the equator, and it ap- 
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pears from computation that ^ Draconis was not very 
far from that place about 3000 years ago ; but as it is 
only about 2150 years since Eudoxus liyed, he must 
have described an anterior state of the heavens, sup* 
posed to be the same that was mentioned by Chiron 
about the time of the siege of Troy. Thus every cirr 
cumstance concurs in showing that astronomy was cul- 
tivated in the highest ages of antiquity. 

It is possible diat a knowledge of astronomy may lead 
to the interpretation of hiero^yphical characters. As- 
tronomical signs are often found on the ancient Egyptian 
monuments, probably employed by the priests to record 
dates. The author had occasion to witness an instance 
of this most interesting application of astronomy, in as- 
certaining the date of a papyrus, sent from Egypt by Mr. 
Salt, in the hieroglyphical researches of the late Dr. 
Thomas Young, whose profound and varied acquire- 
ments do honor to his counUy, and to the age in which 
he lived. The manuscript was found in a mummy case .; 
it proved to be a horoscope of the age of Ptolemy, and 
its date was determined from the configuration of the 
heavens at the time of its construction. 

The form of the earth furnishes a standard of weights 
and measures for the ordinary purposes of life, 'as well 
as for the determination of the masses and distances of 
the heavenly bodies. The length of tlie pendulum 
vibrating seconds of mean solar time in the latitude of 
London, forms the standard of the British measure of 
extension. Its approximate length oscillating in vacuo 
at the temperature of 62° of Fahrenheit, and reduced 
to the level of the sea (N. 150), was determined by 
Captain Kater to be 39*1393 inches. The weight of a 
cubic inch of water at the temperature of 62° of 
Fahrenheit, barometer 30 inches, was also determined 
in parts of the imperial troy pound, whence a standard 
both of weight and capacity was deduced. The French 
have adopted the metre equal to 3-2808992 English feet 
for their unit of linear measure, which is the ten-mil- 
lionth part of that quadrant of the meridian (N. 151), 
passing through Formentera and Greenwich, the middto 
of which is nearly in the forty-fiftii degree of latitude. 
Should the national standards of the two countries be 
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k>st in the vicissitade of hiunaii aflabrs, both may be 
recovered ; since they are derived from natural standards 
presumed to be invariable. The length of the pendn- 
1am would be found again with more facility than the 
m^tre. But as no measure is mathematically exact, an 
error in the original standard may at length become 
sensible in measuring a great extent, whereas the error 
that must necessarily arise in measuring the quadrant of 
the meridian is rendered totally insensible by subdi- 
vision in taking its ten-millionth part. The French 
have adopted the decimal division, not only in time but 
also in their degrees, weights, and measures, on account 
of the very great facility it affords in computation. It 
has not been adopted by any other people, though 
nothing is more desirable than that all nations should 
concur in using the same standards, not only on account 
of convenience, but as affording a more definite idea of 
quantity. It is singular that the decimal division of the 
day, of degrees, weights, and measures, was employed 
in China 4000 years ago ; and that at the time Ibn Junis 
made his observations at Cairo about the year 1000 of 
the Christian era, the Arabs were in the habit of em- 
ploying the vibrations of the pendulum in their astro- 
nomical observations as a measure of time. 



Section XIII. 

Tides — ^Porcen that produce them — Three kinds of Oscillations in the Ocean 
— ^The Seinidiomal Tide»— Equinoctial Tides— Effects of the Declina- 
tion of the Sun and Moon — Theory insnfiicient Mrithout Observation- 
Direction of the Tidal Wave — Height of Tides — Mass of Moon obtained 
from her Action on the Tides — ^Interference of Undulations — Impossi- 
bility of a Universal Inundation—Currents. 

One of the most immediate and remarkable effects of 
a gravitating force external to the earth, is the alternate 
rise and fall of the surface of the sea twice in the course 
of a lunar day, or 24** 60" 28* of mean solar time. As it 
depends upon the action of the sun and moon, it is classed 
anK>ng astronomical prbblems, of which it is by far the 
most difficult and its explanation the least satisfactory. 
The form of the surface of the ocean in equilibrio when 
revolving M«th the earth round its axis, is an ellipsoid 
H 
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flattened at the poles; but the action of the snn and 
moon, especially of the moon, disturbs the equilibrium of 
the ocean. If the moon attracted the center of gravity 
of the earth and all its particles with equal and parallel 
forces, the whole system of the earth and the waters 
that cover it would yield to these forces with a common 
motion, and the equilibrium of the seas would reooein 
undisturbed. The difference of the forces and the inc^ 
quality of their directions alone disturb the equilibrium. 

It is proved by daily experience as^ well as by strict 
mathematical reasoning, that if a number of waves or 
oscillations be excited in a fluid by different forces, each 
pursues its course and has its effect independently of 
the rest. Now in the tides there are three kinds of 
oscillations depending on different causes, and producing 
their effects independently of each other, which may 
therefore be estimated separately. 

The oscillations of the first kind, which are very sma]}, 
are independent of the rotation of the earth ; and as tiiey 
depend upon the motion of the disturbing body in its 
orbit, they are of long periods. The second kind of 
oscillations depends upon the rotation of the earth, 
therefore their period is nearly a day. The oscUlatioiis 
of the third kind vary with an angle equal to twice the 
angular rotation of the earth, and consequently happen 
twice in twenty-four hours (N. 162). The first afford 
no particular interest, and are extremely small ; but the 
difference of two consecutive tides depends upon the 
second. At the time of the solstices, this difference, 
which oilght to be very great according to Newton's 
theory, is hardly sensible on our shores. La Place has 
shown that the discrepancy arises fi'om the depth of the 
sea ; and that if the depth were uniform, there would 
be no difference in the consecutive tides but that which 
is occasioned by local circumstances. It follows there- 
fore that as this difference is extremely small, the sea 
considered in a large extent must be nearly of uniform 
depth ; that is to say, there is a certain mean depth from 
which the deviation is not great. The mean depth of 
the Pacific Ocean is supposed to be about four or five 
miles, that of the Atlantic only three or four, which, 
however, is mere conjecture. From ^e formulae which 
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determine the difference of the consecutiTe tides, it is 
proyed that the precession of the equinoxes, and the 
natation of the earth's axis, are the same as if the sea 
formed one solid mass with the earth. 

Oscillations of the third kind are the semidinmal tides 
BO remarkable on our coasts. They are occasioned by 
the combined action of the sun and moon ; but as the 
effect of each is independent of the other, they may be 
considered separately. 

The particles of water under the moon are more at- 
tracted than the center of gravity of the earth, in the 
inverse ratio of the square of the distances. Hence 
they have a tendency to leave the earth, but are retained 
by dieir gravitation, which is diminished by this tendency. 
On the contrary, the moon attracts the center of the 
earth, more powerfully than she attracts the particles of 
water in the hemisphere opposite to her ; so that the 
earth has a tendency to leave the waters, but is retained 
by gravitation, which is again diminished by this tendency. 
Thud the waters immediately under the moon are drawn 
from the earth, at the same time that the earth is drawn 
from those which are diametrically opposite to her, in 
Irath instances producing an elevation of the ocean of 
nearly the same height above the surface of equilibrium; 
for the diminution of the gravitatwn of the particles in 
each position is almost the same, on account of the dis- 
tance of the moon being great in comparison of the ra- 
dius ofllie earth. Were the earth entirely covered by 
the- sea, the waters thus attracted by the moon would 
assume the form of an oblong spheroid whose greater 
axis would point tov^ard the moon ; since the columns of 
water under the moon, and in the direction diametrically 
opposite to her, are rendered lighter in consequence of 
t£e diminution of their gravitation ; and in order to pre- 
serve the equilibrium, the axes 90° distant would be 
shortened. The elevation, on account of the smaller 
space to which it is confined, is twice as great as the 
depression ; because the contents of the spheroid always 
remain the same. If the waters were capable of assum- 
ing the form of equilibrium instantaneously, that is the 
form of the spheroid, its summit would always point to 
the moon not¥nthstanding the earth's rotation. But on 



86 THB BElfflMURN AL TIDES. ^ct. XIH. 

account of their resistance, the rapid motion produced 
in them by rotation prevents them from assuming at 
every instant the form which the equilibrium of the 
forces acting upon them requires. Hence on account 
of the inertia of the waters, if the tides be considered 
relatively to the whole earth and open seas, there is a 
meridian about 30° eastward of die moon, where it is 
always high water botii in tiie hemisphere where tiie 
moon is and in that which is opposite. On the west 
side of this circle the tide is flowing, on the east it is 
ebbing, and on every part of the meridian at 90° distant 
it is low water. This great wave, which follows all the 
motions of the moon as flEur as the rotation of the earth 
will permit, is modified by the action of the sun, the 
effects of whose attraction are in every respect like 
those produced by the^moon, though greatly less in de- 
gree. Consequentiy a similar wave, but much smaller, 
raised by the sun tends to follow his motions, which at 
times combines with the lunar wave, and at others op- 
poses it, according to the relative positions of the two 
luminaries; but as the lunar wave is only modified a 
•little by the solar, the tides must necessarily happen 
twice in a day, since the rotation of the earth brings the 
same point twice under tiie meridian of the moon in 
that time, once under the superior and once under the 
inferior meridian. 

In the semidiurnal tides there are two phenomena 
particularly to be distinguished, one occurring twice in a 
month, and the otiier twice in a year. 

The first phenomenon is that the tides are much in- 
creased in the syzygies, or at the time of new and full 
moon (N. 153). In both cases the sun and moon are in 
the same meridian : for when the moon is new they are 
in conjunction ; and when she is full they are in opposi- 
tion. In each of these positions, their action is com- 
bined to produce the highest or spring tides under that 
meridian, and the lowest in those points that are 90° 
distant. It is observed that the higher the sea rises in 
full tide, the lower it is in the ebb. The neap tides take 
place when the moon is in quadi*ature ; they neither rise 
so high nor sink so low as the spring tides. The spring 
tides are much increased when tiie moon is in perigee^ 



8Mrr. xm. snnro and neap tides. 8d 

because she is then nearest to the earth. It is evident 
that the strong tides must happen twice in a month, 
nnce in that time the moon is once new and-once full. 

The second phenomenon in the tides is the augmen- 
tation occurring at the time of the equinoxes when the 
son's declination (N. 154) is zero, which happens twice 
every year. The greatest tides take place when a new 
or fuU moon happens near the equinoxes, while the 
mooa is in perigee. The inclination of the moon's orbit 
to tho eclipitic is 5° 8' 47'''9; hence in the equinoxes the 
action of the moon would be increased if her node were 
to coincide with her perigee ; for it is clear that the ac- 
tion of the sun and moon on the ocean is most direct 
and intense when they are in the plane of the equator, 
and in the same meridian, and when the moon in con- 
junction or opposition is at her least distance from the 
earth. The spring tides which happen under aU these 
favorable circumstances must be the greatest possible. 
The equinoctial gales often raise them to a great hei^t. 
Besides these remarkable variations, there are others 
arising firom the declination or angular distance of the 
sun and moon from the [^ne of the equator, which have 
a great influence on the ebb and flow of the wators. The 
sun and moon are continually making the circuit of the 
heavens at diflerent distances from the plane of the 
equator, on account of the obliquity of the ecliptic and 
the inclination of the lunar orbit. The moon takes about 
twenty-nine days and a half to vary through all her de- 
clinations, which sometimes extond 28| degrees on each 
side of the equator* while the sun requires nearly 365 j- 
days to accomplish his motion from tropic to tropic 
through about 23^ degrees ; so that their combined mo- 
tion causes great irregularities, and at times their at- 
tractive forces counteract each other's effects to a certain 
extent ; but on an average the mean monthly range of 
the moon's declinatioD is nearty the same as the annual 
range of the declination of the sun : consequently the 
highest tides take place within the tropics, and the low- 
est toward the poles. The declination of the moon 
likewise causes the two tides of the same day to rise to 
unequal heights ; this diurnal inequality of course van- 
ishes when the moon is in the equator. 
h3 
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Botii the height and time of high water are thus per- 
petually changing ; therefore, in solving the problem, it 
is required to determine the heights to which the tides 
rise, the times at which they happen, and the daily Tari- 
Ations. Theory and observation show that each partial 
tide increases as the cube of the apparent diameter, or 
of the parallax of the body which produces it, and that it 
diminishes as the square of the cosine of the decfination 
of that body (N. 154) ; for the greater the apparent di- 
ameter, the nearer me body, and the more intense its 
action on the sea ; but the greater the declination, the 
less the action, because it is less direct. 

The periodic motions of the waters of the ocean, on 
the hypothesis of an ellipsoid of revolution entirely cov- 
ered by the sea, are very fiu* from according with obser- 
vation. This arises from the very great irregularities in 
the surface of the earth, which is but parti&dly covered 
by the sea ; from the variety in the depths of the ocean, 
the manner in which it is spread out on the earth, the 
position and inclination of the shores, the currents, and 
the resistance the waters meet with — causes impossible 
to estimate, but which modify the oscillations of the 
great mass of the ocean. However, amid all these 
irregularities, the ebb and flow of the sea maintain a 
ratio to the forces producing them sufficient to indicate 
their nature and to verify the law of the attraction of the 
sun and moon on the sea. La Place observes that the 
investigation of such relations between cause and effect 
is no less useful in natural philosophy than the direct 
solution of problems either to prove the existence of the 
causes or to trace the laws of their effects. Like the 
theory of probabilities, it is a happy supplement to the 
ignorance and weakness of the human mind. Thus 
the problem of the tides does not admit of a general 
solution. It is, indeed, necessary to analyze the general 
phenomena which ought to result from tihe attraction of 
the sun and moon ; but these must be corrected in each 
particular case by local observations modified by the 
extent and depth of the sea, and the peculiar circum- 
stances of the place. 

Since the disturbing action of the sun and moon can 
only become sensible in a very great extent of water, 
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the Pacific Ocean must be one of the principal sources 
of our tides ; but, in consequence of the rotation of the 
earth and the inertia of the ocean, high water does not 
happen till some time after the moon*s southing (N. 1^). 
The tide raised in that world of waters is transmitted to 
the Atlantic, from which sea it mores in a northerly 
direction along &e coasts of Africa and Europe, arriving 
later and later at each place. This great wave, how- 
ever, is modified by the tide raised in the Atlantic, 
which sometimes combines with that from the Pacific 
in raising the sea, and sometimes is in opposition to it, 
so that die tides only rise in proportion to their differ- 
ence. This vast combined wave, reflected by the shores 
of the Atlantic, extending nearly from pole to pole, still 
coming northward, pours through the Irish and British 
Channels into the North Sea ; so that the tides in our 
ports are modified by those of another hemisphere. 
Thus the theory of the tides in each port, both as to their 
hei^t and the times at which they take place, is really 
a matter of experiment, and can only be perfectly deter- 
mined by the mean of a very great number of observa- 
tions, including several revolutions of the moon^s nodes. 
The height to which the tides rise is much greater in 
narrow channels than in the open sea, on account of the 
obstructions they meet with. The sea is so pent up in 
the British Channel that the tides sometimes rise as 
much as fifty feet at St. Malo on the coast of France ; 
whereas on the shores of some of the South Sea islands 
near the cil|ter of the Pacific they do not exceed one 
or two feet. The winds have great influence on the 
height of the tides, according as they conspire with or 
oppose them ; but the actual effect of the wind in ex- 
citing the waves of the ocean extends very little below 
the surface.- Even in the most violent storms, the water 
is probably calm at the depth of ninety or a hundred 
feet. The tidal wave of the ocean does not reach the 
Mediterranean nor the Baltic, partly from their position 
and partly from the narrowness of the Straits of Gib- 
raltar and of the Categat, but it is very perceptible in 
the Red Sea and in Hudson's Bay. In high latitudes, 
where the ocean is less directly under the influence of 
the luminaries, the rise and fiall of the sea in inconsider- 
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able, so that in all probability there is no tide at the 
poles, or only a snudl annual and monthly tide. The 
ebb and flow of the sea are perceptible in rivers to a 
▼ery great distance from their estuaries. In the Straies 
of Pauxis, in the river of the Amazons, more than ^^re 
hundred miles from the sea, the tides are evident. It 
requires so many days for the tide to ascend this mighty 
stream, that the returning tides meet a succession m 
those which are coming up ; so that every possible vari- 
ety occurs at some part or other of its shores, both as 
to magnitude and time. It requires a very wide expanse 
of water to accumulate the impulse of the sun and moon, 
80 as to render then* influence sensible ; on that account 
the tides in the Mediterranean and Black Sea are 
scarcely perceptible. 

These perpetual commotions in the waters are ooea- 
sioned by forces that bear a very small proportion to 
terrestrial gravitation: the sun's action in raising the 
ocean is only the j^jrVinnr ^ gravitation at the earth's 
surface, and the action of the moon is little more than 
twice as much ; these forces being in the ratio of 1 to 
2*35333, when the sun and moon are at their mean dis- 
tances from the earth. From this ratio the mass of the 
moon is found to be only the ^ part of that of the earth. 
Had the action of the sun on the ocean been exactly 
equal to that of the moon, there would have been no 
neap tides, and the spring tides would have been of 
twice the height which the action of either the sun or 
moon would have produced separately ; a ]^enomenon 
depending upon the interference of the waves or undu- 
lations. 

A stone plunged into a pool of still water occasions a 
series of waves to advance along the surface, though the 
water itself is not carried forward, but only rises into 
heights and sinks into hollows, each portion of the sur- 
fece being elevated and depressed in its turn. Another 
stone of the same size thrown into the water near the 
first, will occasion a similar set of undulations. Then if 
an equal and similar wave from each stone arrive at the 
same spot at the same time, so that the elevation of the 
ifne exactly coincides with the elevation of the other, 
their united eflecr will produce a wave twice the size of 
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either. But if one wave precede the other by exactly 
half an undulation, the elevation of the one will coincide 
with the hollow of the other, and the hoUow of the one 
with the elevation of the other ; and the waves wiU so 
entirely obliterate one another, that the surface of the 
water will remain smooth and level. Hence if the length 
of each wave be represented by 1, they will destroy one 
another at intervals of |, |, |, &c., and will combine 
their effects at the inteiTals 1, 2, 3, 6cc. It will be found 
according to this principle, when still water is disturbed 
by the fall of two equal stones, that there are certain 
lines on its surface of a hyperbolic form, where the 
water is smooth in consequence of the waves oblitera- 
ting each other ; and that the elevation of the water in 
the adjacent parts corresponds to both the waves united 
(N. 156). Now in the spring and neap tides arising 
from the combination of the simple soli-lunar waves, the 
spring tide is the joint result of the combination when 
they coincide in time and place ; and the neap tide hap- 
pens when they succeed each other by half an interval, 
so as to leave only the effect of their difierence sensible. 
It is therefore evident that if the solar and limar tides 
were of the same hei^t, there would be no difference, 
consequently no neap tides, and the spring tides would 
be twice as high as either separately. In the port of 
Batsha in Tonqmn, where the tides arrive by two chan- 
nels of lengths corresponding to half an interval, there 
is neither high nor low water, on account of the inter- 
ference of the waves. 

The initial state of the ocean has no influence on the 
tides; for whatever its primitive conditions may have 
been, they must soon have vanished by the friction and 
mobility of the fluid. One of the most remarkable cir- 
cumstances in the theory of the tides is the assurance, 
that in consequence of the density of the sea being only 
one-fifth of the mean density of the earth, and the earth 
itself increasing in density toward the center, the sta- 
bility of the equilibrium of the ocean never can be sub- 
verted by any physical cause. A general inundation 
arising from the mere instability of the ocean is there- 
fore impossible. A variety of circumstances however 
tend to produce partial variations in the equilibrium of 
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the seas, which is restored by means of currents. Winds 
and the periodical melting of the ice at the poles occa- 
sion temporaiy water-courses ; but by far the most im- 
portant causes are the centrifugal force induced by the 
velocity of the earth's rotation, and variations in the 
density of the sea. 

The centrifugal force may be resolved into two forces 
— one perpendicular, and another tangent to the earth's 
surface (N. 157). The tangential force, though small, 
is sufficient to make the fluid particles within the polar 
circles tend taward the equator, and the tendency is 
much increased by the immense evapwation in ^be 
equatorial regions from the heat of the sun, which dis- 
turbs the equilibrium of the ocean. To ttaa may also 
be added the superior density of the waters near the 
poles, partly from their low temperature and partly 
nrom their gravitation being less diminished by the ao- 
tion of the sun and moon than that of the seas of lo¥rer 
latitudes. In consequence of the combination of all 
these circumstances, two great currents perpetually set 
from each pole toward the equator. But as they come 
from latitvides where the rotatory motion of the sur&oe 
of the earth is very much less than it is between the 
tropics, on account of their inertia, they do not im- 
mediately acquire the velocity with which the solid part 
of the earth's surface is revolving at the equatorial re- 
gions ; from whence it follows that within twenty-five 
or thirty degrees on each side of the line, the ocean 
appears to havo a general motion from east to west, 
which is much increased by the action of the trade 
winds. This mighty mass of rushing waters at about 
the tenth degree of south latitude is turned toward the 
north-west by the coast of America, runs through the 
Gulf of Mexico, and passing the Straits of Florida at 
the rate of five miles an hour, forms the well-known 
current of the Gulf-stream, which sweeps along the 
whole coast of America and runs northward as far as 
the bank of Newfoundland, then bending to the east it 
flows past the Azores and Canary islands, till it joins 
the great westerly current of the tropics about latitude 
21^ north. According to M. de Humboldt this great 
circuit of 3800 leagues, which the waters of the Atkmtic 
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are perpetually describing between the parallels of eleven 
and forty-three degrees of latitude, may be accomplished 
by any one particle in two years and ten months. In 
the center of this current is situated the wide field of 
floating sea-weed called the grassy sea. Besides this 
there are branches of the Qulf-stream, which conrey 
the fruits, seeds, and a portion of the warmth of the 
tropical climates .to our northern shores. 

The general westward motion of the South Sea, togeth- 
er with the south polar current, produce various water- 
courses in the Pacific and Indian Oceans, according as 
tiie one or the other prevails. The western set of the 
Pacific causes currents to pass on each side of Australia, 
while the polar stream rushes along the bay of Bengal : 
the westerly current again becomes most powerful to- 
ward Ceylon and the Maldives, Whence it stretches by 
the extremity of the Indian peninsula past Madagascar, 
to the most southern point of the continent of Africa, 
where it mingles with the general motion of the seas. 
Icebergs are sometimes drifted as far as the Azores 
from the north pole, and from the south pole they have 
come even to the Cape of Good Hope. But tibe ice 
which encircles the south pole extends to lower latitudes 
by 10° than that which surrounds the north. In consor 
quence of ti^e polar current Sir Edward Parry was 
obliged to give up his attempt to reach the north pole 
in l£e year 1827, because the fields of ice were drifting 
to the south fiaster than his party could travel over them 
to the north. 

As distinct currents of air traverse the atmosphere in 
horiaontal strata, so in all probability under currents in 
the ocean flow in opposite directions from those on the 
surface ; and there is every reason to believe that the 
cold waiters, deep below the surface of the sea in the 
equinoctial re^ons, are brought by submarine currents 
frcmi the poles, thou^ it is not easy to proTO their ex- 
istooce* 
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Section XIV. 

Repulsive Force — Interstices or Pores-— ElasticitT—Mossotti*^ Theory- 
Gravitation brought under the same law with Molecular Attraction and 
Repulsioo— Gases reduced to Liquids by Pressure — Intensity of the Co- 
hesive Force — ^Effects of Gravitation^Effects of Cohesion — Minuteofifls 
of the ultimate Atoms of Matter— Limited Height of the Atmosphere- 
Theory of Definite Proportfons and Relative Weight of Atoms — Dr. Far- 
aday's Discoveries with regard to Affinity — Composition of Watec by a 
Plate of Platina— Cljstallization — Cleavage — Isomorphism— Matter coo- 

. eists of Atoms of Definite Form — Capillary Attraction. 

The oscillations of the atmosphere and its action 
upon rays of light coming from the heavenly bodies, 
connect the science of astronomy with the equilibrium 
and movements of fluids, and the laws of molecular 
attraction. Hitherto that force has been under consid> 
eration which acts upon masses of matter at sensible 
distances; but now the effects of such forces are to be 
considered as act at inappreciable distances upon tlie 
ultimate atoms of material bodies. 

All substances consist of an assemblage of material 
particles, which are far too small to be visible by any 
means human ingenuity has yet been able to devise, 
and which are much beyond die limits of our percep- 
tions. Since every known substance may be reduced 
in bulk by pressure, it follows that the particles of mat- 
ter are not in actual contact, but are separated by inter- 
stices, owing to the repulsive principle that maintains 
them at extremely minute distances from one another. 
It is evident that 'the smaller the interstitial spaces 
the greater the density. These spaces appear in 
some cases to be filled with air, as may be infer- 
red from certain semi-opaque minerals and other sub- 
stances becoming transparent when plunged into water ; 
sometimes they may possibly contain some unknown 
and highly elastic fluid, such as Sir David Brewster has 
discovered in the minute cavities of various minerals, 
which occasionally causes these substances to explode 
with violence when under the hands of the lapidary, 
but in general they seem to our senses to be void ; yet 
as it is inconceivable that the particles of matter should 
Bct upon one another without some meiuis of commu- 
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nication, tnere is every reason to presume that the in- 
terstices of material substances contain a portion of that 
subtle ethereal and elastic fluid with which the regions 
of space are replete. 

Substances compressed by a sufficient force, are said 
to be more or less elastic according to the &cility witli 
which they regain their bulk or volume when the 
pressure is removed ; a property which depends upon 
the repulsive force of thebr particles, and the eflbrt re- 
quired to compress the substance is a measure of the 
intensity of that repulsive force which varies with the 
nature of the substance. 

By the la^sof gravitation the particles of matter 
attaraet one another when separated by sensible dis- 
tsbees^ and as they repel each other when they are 
mappreciably near, it recently occurred to Professor 
MoBsotti of Pisa, that there might be some intermedi- 
ate ^^stanbe at which the particles might neither attract 
nor repel one another, but remain balanced in that 
stable equflibrium Which they are found to maintain in 
ewerf material substance solid and fluid. 

It has kmg been a hypothesis among philosophers 
that electrici^ is the agent which binds the particles of 
matter togetJ^er. We are totally ignorant of the nature 
of electricity, but it is generally supposed to be an ethe- 
real fluid in the highest state of elasticity surrounding 
every particle of matter ; and as the earth and the at- 
mosphere al-e replete with it in a latent state, there is 
every reason to believe that it is unbounded, filling the 
regions of ^pace. 

The celebrated Franklin was the first who explained 
the phenomena of electricity in repose, by supposing 
the molecules of bodies to be surrotinded by an atmos- 
phere of the electric fluid ; and thal^ while the electric 
atoms repel one another, they are attracted by the ma- 
terial molecules of the body. These forces of attraction 
and repulsion were afterward proved by Coulomb to 
vary inversely as the squares of the distance. The 
hypothesis of Franklin was reduced to a mathematical 
theory by JEpinus, and the most refined analysis has 
been employed by the Baron Poisson in explanatioii of 
electric phenotnena. Still these philosophers were tin- 
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able to reconcile the attraction of the molecules of mat- 
ter inversely as the squares of &e distance as proved 
by Newton, with their mutual repulsion according to 
the same law. But Professor Mossotti has rec€^t^ 
shown, by a very able analysis, that there are stroag 
grounds for believing that not only the molecular fbi«es 
which unite the particles of material bodies depend ob 
tibe electric fluid, but that even gravitation itself, whidi 
binds world to world and sim to sun, can no longer be 
regarded as an ultimate principle, but the residual por* 
% tion of a far more powernil fbrce generated by that en- 
ergetic agent which pervades creation. 

It is true that this connection between the molecoiar 
forces and gravitation depends upon a hypothesis ; but 
in die greater nmnber of physical investigations, soiiia 
hypothesis is requisite in the first instance to aid tiie 
imperfection of our senses. Yet, when the {^enomeaa 
of nature accord with tlie assumption, we are juatiUM 
in believing it to be a general law. 

As die particles of material bodies are not m actual 
contact. Professor Mossotti supposes that each is en* 
compassed by an atmosphere of the ethereal fluid; 
that the atoms of the fluid repel one another ; that Uio 
molecules of matter repel one another, but with less 
intensity; and that there is a mutual attraction be- 
tween &e particles of matter and the atoms of the fluid* 
Forces which we know to exist, and which he assumes 
to vaiy inversely as squares of ^ the distance. The fill- 
lowing important results have been obtuned by the pro- 
fessor from the adjustment of these three forces : — 

When the material molecules of a body are inappre- 
ciably near to one another, they mutuary repel each 
ot^er with a force which diminishes rapidly as the 
infinitely small distance between the material molecules 
augments, and at last vanishes. When the molecules 
are still farther apart, the force becomes attractive. At 
that particular point where the change takes place, the 
forces of repulsion and attraction balance each other, so 
that tho molecules of a body are neither disposed to 
approach nor recede, but remain in equilibrio. If we 
try to press them nearer, the repulsive forco resists the 
attempt ; and if we endeavor to break the body so as to 
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tear the particles asunder, the attractive force predom- 
inates and keeps them together. This is what oonsti- 
totes the cohesive force, or force of aggregation, by 
which th» molecules of aU substances are united. The 
limits of the distance at which the negative action be- 
comes positive vary according to the temperature and 
nature of the molecules, and determine whether the 
body which they form be solid, liquid, or aeriform. 

Beyond this neutral point, the attractive force in 
creases as the distance between the molecules augments, 
till it attains a maximum ; when the particles are biore 
apart it diminishes ; and as soon as they are separated 
fay finite or sensible distances, it varies directly as their 
mass and inversely as the squares of the distance, 
which is precisely the law of universal gravitation. 

Thus on the hypothesis that the mutual repulsion 
between the electric atoms is a little more powerful 
than the mutual repulsion between the particles of mat- 
ter, the ether and the matter attract each other with 
unequal intensities, which leave an excess of attractive 
fytce constituting gravitation. As the gravitating force 
is in operation wherever there is matter, the ethereal 
eleetnc fluid must encompass all the bodies in the uni- 
verse; and as it is utterly incomprehensible that the 
celestial bodies should exert a reciprocal attraction 
through a void, this important investiga^on of Professor 
MoBSotta furnishes additional presump^n in favor of a 
universal ether, abready all but proved by the motion of 
comets and the theory of light. 

In aeriform fluids the particles of matter are more 
remote from each other than in liquids and solids ; but 
the pressure may be so great as to reduce an aeriform 
fluid to a liquid, and a Uquid to a solid. Dr. Faraday 
haa reduced some of the gases to a liquid state by very 
great compression; but although atmospheric air is 
eapMe oi a diminution of volume to which we do not 
kiK>w the Mmit, it has hitherto always retained its 
gaseous properties, and resumes its primitive volume 
2ie instant the pressure is removed. 

If the particles approach sufficiently near to produce 
eqi^brium between the attractive and repulsive forces, 
but not near enough to admit of any influence from 
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ticity of the air. The definite proportioiis of chemical 
compounds afford one of the best prooft that divisibili^ 
of matter has a hrait. The cohesive force which has 
been the subject of the preceding considerations, only 
unites particles of the same kind of matter ; whmreas 
affinity, which is the cause of chemical compounds, m 
the mutual attraction between particles of difiereiit 
kinds of matter, and is merely a result of the electrical 
state of the particles, chemical affinity and electricity 
being only forms of the same powers. 

It is a permanent and universal law in all umnrganixed 
bodies hitherto analyzed, that the composition of sub- 
stances is definite and invariable, the same compomid 
always consisting of the same elements united togetiier 
in the same proportions. Two substances may hideed 
be mixed; but they will not combine to form a third 
substance different from both, unless their compondnt 
particles unite in definite proportions, that is to say, one 
part by weight of one of the substances will unite with 
one part by weight of the other, or with two parts, or 
three, or four, &., so as to form a new substance ; bot 
in any other proportions they will only be mechaaieall^ 
mixed. For example, one part by weight of hydrogen 
gas will combine with eight parts by weight of oxygen 
gas and form water ; or it will imite with sixteen parts 
by weight of oxygen, and form a substance called 
deutoxide of hydrogen ; but added to any other weight 
of oxygen, it will produce one or both of these com- 
pounds mingled with the portion of oxygen or hydrogen 
in excess. The law of definite proportion established 
by Dr. Dalton, on the principle liiat every compound 
body consists of a combination of the atoms of its con- 
stituent parts, is of universal application, and is in fact 
one of the most important discoveries in physical science, 
furnishing information previously unhoped for with re- 
gard to the most secret and minute operations of nature, 
in disclosing the relative weights of the ultimate atoms 
of matter. Thus an atom of oxygen uniting with an 
atom of hydrogen forms the compound water ; but as 
every drop of water, however small, consists of eight 

Cby weight of oxygen and one part by weight of 
. ogen, it foUows that an atom of pxygen is ei^t 
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times heayier than an atom of hydrogen. In the same 
nuumer sulphuretted hydrogen gas consists of sixteen 
parts by weight of sulphur and one of hydrogen ; there- 
fore, an atom of sulphur is sixteen times heavier than 
an atom of hydrogen. Also carbonic oxide is consti- 
tuted of six parts by weight of carbon^ and eight of 
oxygen ; and as an atom of oxygen has eight times the 
weight of an atom of hydrogen, it follows that an atom 
of cffffoon is six times heavier than one of hydrogen. 
Since the same definite proportion holds in the compo- 
ntion of all substances that have been examined, it may 
be concluded that there are great differences in the 
weights of the ultimate particles of matter. M. Gay 
Lussac discovered that gases unite together by their 
bidk or volumes, in such simple and definite proportions 
aa one to one, one to two, one to three, &c. For 
example, one volume or measure of oxygen imites with 
two volumes or measures of hydrogen in the formation 
of water. 

Affinity modified by the electrical condition of the 
particles of matter, has hitherto been betieved to be the 
cause of chemical combinations. However, .Dr. Fara- 
day has proved by experiments on bodies both in sohi- 
taon and fusion, that chemical affinity is merely a result 
of the electrical state of the particles of matter. Now 
it must be observed that the composition of bodies as 
wen as their decomposition, may be accomplished by 
means of electricity ; and Dr. Faraday has found that 
this chemical composition and decomposition, by a.given 
current of electricity, is always accomplished according 
to the laws of definite proportions ; and that the quan- 
tity erf electricity requisite for the decomposition of a 
substance is exactly the quantity necessary for its com- 
position. Thus the quantity of electricity which can- 
decompose a grain weight of water is exactly equal to 
ik%e quantity of electricity which unites the elements of 
tbat grain of water together, and is equivalent to the 
quantity of atmospheric electricity which is active in a 
very powerful thunder-storm. These laws are univer- 
sal, and are of that high and general order that charac- 
terize all great discoveries, and perfectly agree with 
Professor Mossotti*s theory. 
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Dr. Faraday has given a singular instance of eohemyc^ 
force inducing chemical combination, by tbe foUowing 
experiment, which seems to be nearly allied to the dis- 
covery made by M. Doebereiner, in 1823, of the spoii- 
laneous combustion of spongy platina (N. 159) exposed 
to a stream of hydrogen gas mixed with common air. 
A plate of platina with extremely clean sur&ces, when 
plunged into oxygen and hydrogen gas mixed in the pn^- 
portions which are found Jn the constitutio^ of ¥FBter, 
causes the gases to combine and water to be fprmed, 
the platina to become red-hot, and at last an explosion 
to take place; the only conditions necessaiy for this 
curious experiment being excessive purity in the gases 
and in the surface of £e plate. A sufficiently pure 
metallic surface can only be obtained by inunersing the 
platina in very strong hot sulphuric acid and then wash- 
ing it in distilled water, or by making it the positive 
pole of a pile in dilute sulphuric acid. It appear^ that 
the force of cohesion as well as the force of affinity ox- 
erted by particles of matter, extends to all the particles 
within a very minute distance. Hence the platina while 
drawing the particles of the two ga^es toward its sur- 
face by its great cohesive attraction, brings them so near 
to one anotiber that they come within the sphere of their 
mutual affinity, and a chemical combination takes place. 
Dr. Faraday attributes the effect in part also to a dim- 
inution in the elasticity of the gaseous particles on their 
sides adjacent to the platina, and to their perfect mix- 
ture or association, as well as t^ the positive action of 
the metal in condensing them against its surface by its 
attractive force. The particles when chemically united 
run off the surface of the metal in the form of water by 
their gravitation, or pass away as aqueous vapor and make 
way for others. 

The particles of matter are so small that nothing is 
known of their form, further than the dissimilarity of 
their different sides in certain cases, which appears from 
their reciprocal attractions during crystalization being 
more or less powerful, according to the sides they pre- 
sent to one another. Crystalization is an effect of mole- 
cular attraction regulated by certain laws, according to 
which atoms of the same kind of matter unite in regu- 
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]ar forma — a fact easily proved Irf di88olyin|r a piece of 
alum in pure water. The mutual attraction of the par- 
ticles is, destroyed by the water ; but if it be evaporated 
they unite and form in uniting ei^t-sided figures called 
octahedrons (N. 160). These, however, are not all the 
same. Some have their angles cut off, others their 
edges, and some both, while the remainder take the 
regular form. It is quite clear that the same circum- 
stances which cause the aggregation of a few particles 
would, if continued, cause the addition of more ; and 
the process would go on as long as any particles remain 
free round the primitive nucleus, which would increase 
in size, but would remain unchanged in form, the figure 
of the particles being such as to maintain the regularity 
and (UDOOthness of the ^rfaces of the solid and their 
mutual inclinations. A broken crystal will by degrees 
resume its regular figure when put back again into the 
solution of alum, which shows that the internal and ex- 
ternal p^icles ^e similar and have a similar attraction 
for the particles held in scdution. The original condi- 
tions of aggregation which make the molecules of the 
same substance unite in different forms must be very 
numerous, since of carbonate of lime alone there are 
many hundred varieties ; and certain it is from the mo- 
tion of polarized light through rock crystal, that a very 
dififerent arrangement of particles is requisite to produce 
an extremely smaU change in external form. A variety 
of substipinces in jcrystalizing combine chemically with a 
certain portion of water which in a dry state forms an 
essential part of their crystals; and according to the 
experiments of MM. Haidinger and MitscherUch seems 
in some cases to give the pecuhar determination to their 
constituent molecules. These gendemen have observed 
that the same substance crystalizing at different tem- 
peratures unites with different quantities of water and 
assumes a corresponding variety of forms. Seleniate 
of zinc, for example, unites with three different portions 
of water and assumes three different forms, according 
as its temperature in tiie act of crystalizing is hot, luke- 
warm, or cold. Sulphate of soda, also, which crystal- 
izes at 90° of Fahrenheit without water of crystaliza- 
tign, combines with water at tiie ordinary temperature 
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and takes a difierent form. Heat appears to hanre a 
great influence on the phenomena of crystalizalion, not 
only when the particles of matter are free, but eren 
when firmly united, for it dissolves their union and ^ves 
them another determinadon. Professor Mitscherlich 
found tiiat prismatic crystals of sulphate of nickel (N. 161 ) 
exposed to a summer's sun in a close vessel, had their 
internal structure so completely altered without any ex- 
terior change, that when l»»ken open they were com- 
posed internally of octahedrons with square bases. The 
original aggregation of the internal particles had been 
dissolved, and a disposition given to arrange themsehes 
in a crystaline form. Crystals of sulphate of magneoa 
and of sulphate of zinc, gradually heated in alcohol tiD it 
boils, lose their transparency by degrees, and when 
opened are found to consist of innumerable minute crys- 
tals totally different in form from the whole crystals ; 
and prismatae crystals of zinc (N. 162) are changed in a 
few seconds into octahedrons by the heat of die sun: 
odier instances might be given of the influence of even 
moderate degrees of temperature on molecular attrac- 
tion in the interior of substances. It must be observed 
that these experiments give entirely new views with 
regard to the constitution of solid bodies. We are led 
from the mobility of fluids to expect great changes in 
the relative positions of their molecules, which must be 
in perpetual motion even in the stillest water or calmest 
air ; but we were not prepared to find motion to such 
an extent in the interior of solids. That their particles 
are brought nearer by cold and pressure, or removed 
farther fi^m one anotiher by heat, might be expected ; 
but it could not have been anticipated that their relative 
positions could be so entirely changed as to alter their 
mode of aggregation. It follows from the low temper- 
ature at whjch these changes are eflected, tiiat there 
is probably no portion of inorganic matter that is not in 
a state of relative motion. 

Professor Mitscherlich^s discoveries with regard to 
the forms of crystalized substances, as connected with 
their chemical charcter, have thrown additional light on 
the constitution of material bodies. There is a certain 
set of crystaline forms which are not susceptible of 
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variation, as the die or cube (N. 163), which may be 
small or large, but is invariably a sdia bounded by six 
square surfaces or planes. Such also is the tetrahedron 
(N. 164) or four-sided solid contained by four equal- 
sided triangles. Several other solids belong to this class, 
which is called the Tessular system of crystalization. 
There are other crystals which, though bounded by the 
same number of svies, and having the same form, are 
yet susceptible of variation; for instance, the eig^t- 
sided figure with a square base called an octahedron 
(N. 165), which is sometimes fiat and low and some- 
times acute and high. It was formerly believed that 
identity of form in all crystals not belonging to the 
Tessular ^stem indicated identity of chemicd compo- 
sition. Professor Mitscherlich however has shown, 
that substances difiering to a certain degree in chemical 
composition have the property of assuming the same 
ciystaline form. For example, the neutral phosphate 
of soda and the arseniate of soda ciystalize in the very 
same form, contain the same quantities of acid, alkali, 
and water of crystalization ; yet they difier so fiu*, that 
one contains arsenic and the other an equivalent quan- 
tity of phosphorus. Substances having such properties 
are said to be isomorphous, that is, equal in form. Of 
these there are many groups, each group having the 
same form, and similarity though not identity of chemi- 
cal composition. For instance, one of the isomorphous 
groups is that coq^ting of certain chemical substances 
called the protoxides of iron, copper, zinc, nickel, and 
manganese, all of which are identical in form and contain 
the same quantity of oxygen, but differ in the respective 
metals they contain, which are however nearly in the 
same proportion in each. AU these circumstances tend 
to prove that substances having the same crystaline form 
nmst consist of ultimate atoms, having the same figure 
and arranged in the very same order ; so that the rorm 
of crystals is dependent on their atomic constitution. 

All crystalized bodies have joints called cleavages, at 
which they split more easily than in other directions ; 
on this property the whole art of cutting diamonds de- 
pends. Each substance splits in a manner and in forms 
peculiar to itself. For example, all the hundreds of 
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forms of carbonate of lime split into six-sided fignres, 
called rhombohedrons (N* 166), whose alternate angles 
measure 106° '65 and 75° '05, however far the division 
may be carried ; therefore the ultimate particle of car- 
bonate of lime is presumed to have that form. However 
this may be, it is certain that all the various ciystels of 
that mineried may be formed by building up mx-^ided 
solids of the form described, in the same manner as chil- 
dren build houses with miniature bricks. It mliy be 
imagined that a wide difference may exist between the 
particles of an unformed mass, ^nd a crystal of the same 
substance — between the common shapeless limestone 
and the pure and limpid crystal of Iceland spar, yet 
chemical analysis detects none ; their ultimate atoms 
are identical, and crystalization shows that the difference 
arises only firom the mode of aggregation. Besides, all 
substances either crystalize naturally, or may be made to 
do so by art. Liqiuds crystalize in freezing, vapors by 
sublimation (N. 167) ; and hard bodies, when fhs^, crys- 
talize in cooling. Hence it may be inferred that all sub- 
stances are composed of atoms, on whose magnitude^ 
density, and form their nature and qualities depend; 
and as these qualities are unchangeable, the ultimate 
particles of matter must be incapable of wear — ^the same 
now as when created. 

The oscillations of the atmosphere and the changes 
in its temperature, are measured by variations in the 
heights of the barometer and thei'mometer. But the 
actual length of the liquid columns depends not only upon 
the force of gravitation, but upon the cohesive force, or 
reciprocal attraction between ^e molecules of the liquid 
and those of the tube containing it. This peculiar action 
of the cohesive force is called capillary attraction or ca- 
pillarity. If a glass tube of extremely fine bore, such as 
a small thermometer tube, be plunged into a cup of wa- 
ter or spirit of wine, the liquid will immediately rise in 
the tube above the level of that in the cup ; and the sur- 
face of the little column thus suspended will be a hollow 
hemisphere, whose diameter is the interior diameter of 
the tube. If the same tube be plunged into a cupful of 
mercury the liquid will also rise in the tube, but it will 
never attain the level of that in the cup, and its surface 



8M«.Xiy. CAPlLLA&y ATTBACnOM. 109 

Mrill be a hemisphere whose diameter is also the diame- 
ter of the tube (N. 168). The elevation or depression 
of the same liquid in different tubes of the same matter, 
is in the inverse ratio of their internal diameters (N. 169), 
and altogether independent of their thickness ; whence 
it foUows that the molecular action is insensible at sen- 
sible distances, and that it is only the thinnest possi- 
ble film of the interior surface of the tubes that exerts a 
sena^le action on the liquid. So much indeed is this 
the case, that when tubes of the same bore are com- 
pletely wetted with water throughout their whole ex- 
tent, mercury will rise to the same height in all of them, 
whatever be their thickness or density, because the mi- 
nute coating of moisture is sufficient to remove the in- 
ternal column of mercury beyond the sphere of attraction 
cMT the tube, and to supply the place of a tube by its 
own capillary attraction. The forces which produce the 
capillary phenomena are the reciprocal attraction of the 
tube and the liquid, and of the^ liquid particles on one 
another ; and in order that the capillary column may be 
in equiUbrio, the weight of that part of it which rises 
above or sinks below the level of the liquid in the cup 
must balance these forces. 

The estimation of the action of the liquid is a difficult 
pert of this {nroblem. La Place, Dr. Young, and other 
mathematicians, have considered the Uquid within the 
tube to be of uniform density ; but M. Poisson, in one 
of those masterly productions in which he elucidates the 
naost abstruse subjects, has proved that the phenomena 
of capillary attraction depend upon a rapid decrease in 
the density of the liquid column throughout an extremely 
small space at its surface. Every indefinitely thin layer 
of a Uquid is compressed by the liquid above it, and sup- 
ported by that below. Its degree of condensation de- 
pends upon the magnitude of the compression force ; 
and as this force decreases rapidly toward the surface 
where it vanishes, the density of the liquid decreases 
also. M. Poisson has shown that when this force is 
omitted, the capillary surface becomes plane, and that 
the liquid in the tube will neither rise above nor sink 
below the level of that in the cup. In estimating the 
forceSf it is also necessary to include the variation in the 



110 CAPILLAK7 ATTRACTION. SMKr.ZIT. 

density of the capiUary surface round the edges fimn the 
attraction of the tube. 

The direction of the resulting force determines the 
earvatare of liie sorftce of the capillary cohmm. In 
order that a liquid may be in eqoilibrio, fiie linee r^ 
soiling from all the forces acting upon it must be per- 
pendicular to the sur&ce. Now it appears that as Am 
is more dense than water or alcohol, die resulting &n» 
will be inclined toward the interior nde of the tube ; 
therefore the surfiice of the liquid must be more efe- 
vated at the sides of the tube than in the center in older 
to be perpendicular to it, so liiat it will be concave as in 
die thermometer. But, as ^ass is less dense tiian mer- 
cuty, the resulting force will be inclmed from the interior 
side of the tube (N. 170), so that the surface of the ca- 
inllary column must be more depressed at the sides of 
the tube than in the center, in order to be perpendicokr 
to the resulting force, and is consequently convex, as 
may be perceived in tiie mercury of the barometer when 
rising. The absorption of moisture by sponges, sugary 
salt, &Cm are fimiiliar examples of capillary attractioii: 
Indeed the pores of sugar are so minute, that ^era 
seems to be no limit to the ascent of the liquid. vWins 
IS drawn up in a curve on the interior surface of a ^bss ; 
tea rises above its level on the side of a cup ; but n tho 
glass or cup be too full, the edges attract the liquid 
downward, and give it a rounded form. A column of 
liquid will rise above or sink below its level between two 
plane parallel sur&ces when near to one another, ac- 
cording to the relative densities of the plates and the 
liquid (N. 171) ; and the phenomena will be exactly the 
same as in a cylindrical tube whose diameter is double 
the distance of the plates from each other. If the two 
surfaces be very near to one another, and touch each 
other at one of their upright edges, the liquid vrill rise 
highest at the edges that are in contact, and will grad- 
TuSfy diminish in height as the surfaces become more 
separated. The whole outline of the liquid column will 
have the form of a hyperbola. Indeed so imiversal is 
the action of capillarity, that solids and liquids cannot 
touch one another without producing a change in the 
form of the surface of the liquid* 



awff. X¥. CAflLLAEY ATTEACnON. Ill 

The attractions and repakions arising from capillarity 
present many curious phenomena. If two plates of 
glass or metal, both of which are either dry or wet, be 
partly immersed in a liquid parallel to one another, the 
liquid will be raised or depressed close to their surfaces, 
but wiU maintain its level through the rest of the space 
that separates them. At such a distance they neither 
attract nor repel one another; but the instant they are 
brought so near as to make the level part of the liquid 
disajqiear, and the two curved parts of it meet, the two 
plates will rush toward each odier and remain pressed 
together (N. 17S$). If one of the surfaoes be wet and 
the other dry, they will repel one another when so near 
as to have a curved surface of liqmd between them ; but 
if ibrced to approach a little nearer the repulsion will be 
overcome, and they will attract each other as if they 
were both wet or both dry. Two balls of pith or wood 
floating in water, or two balls of tin floating in mercury, 
attract one another as soon as they are so near that the 
sarhce oi the liquid is curved between them. Two 
ships in the ocean may be l»rought into collision by this 
principle. But two balls, one of which is wet and the 
ether dry, repel one another as soon as the liquid which 
separates them is curved at its surface. A bit of tea 
leaf is attracted by the edge of the cup if wet and re- 
pelled when dry, provided it be not too far from the 
edge and the cup moderately full ; if too full, the con- 
trary takes place. It is probable that the rise of the 
sap in vegetables is in some degree owing to capillarity. 



Section XV. 



Analysis of the Atmospliere— Its Pressure— Law of Decrease in Density- 
Law of Decrease in Temperature — Measurement of Heights by the 
Barometer— Extent of the Atmosphere — Barometrical Variattons— Oscil- 
lations — ^Trade Winds — Monsoons — Rotation of Winds— Laws of Hur- 
ricanes — Water-Spouts. 

The atmosphere is not homogeneous. It appears 
from analysis that of 100 parts 79 are azotic gas, and 21 
OKygen, the great source of combustion and animal heat. 
Besides these there are three or four parts of carb 
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acid gas in 1000 parts of atmospheric air. These pro- 
portions are found to be the same at aH heists hitlMsrto 
attained by man. The air is an elastic floid resisfuig 
pressure in. every direction, and is subject to the law ^ 
gravitation. As the space in the top of the tube of a 
barometer is a vacuum, the cohimn of menmry sua* 
pended by the pressure of the atmosphere on tb» sur- 
£Bce of the cistern is a measure of its wei|^ Conse- 
quently every variation in the density occasions a cor- 
responding rise or fall in the barometrical column. TIm 
(pressure of the atmosphere is about fifteen pounds on 
eveiy square inch; so that tiie sur&ce of die vriaHe 
globe sustains a weight of 11,449,000,000 hundreds of 
millions of pounds. Shell-fish which have the power of 
producing a vacuum, adhwe to the socks by a pressure 
of fifteen pounds upon eveiy square inch of contact. 

Since the atmosphere is both elastic and heavy» Us 
density necessarily diminishes in ascending above 1^ 
surface of the earth ; for each stratum of air is com* 
|M»8Sed only by the weight above it. Therefore the 
upper strata are less dense, because they are less com- 
pressed than those below them. Whence it is easy to 
show, supposing the temperature to be constant, that if 
the heights above the earth be taken in increasing 
arithmetical progression — ^that is, if they increase by 
equal quantities, as by a foot or a mile, the densities of 
the strata of air, or the heights of the barometer which 
are proportionate to them, will decrease in geometrical 
progression. For example, at the level of the sea, if tiie 
mean height of the barometer be 29*922 inches, at the 
height of 18,000 feet it will be 14*961 inches, or one 
half as great ; at the height of 36,000 feet, it will be one 
fourth as great; at 54,000 feet, it will be one eighth, 
and so on, which affords a method of measuring the 
heights of mountains with considerable accuracy, and 
would be very simple, if the decrease in the density of 
the air were exactly according to the preceding law. 
But it is modified by several circumstances, and chiefly 
by changes of tempemture, because heat dilates the 
air and cold contracts it, varying A^ of the whole bulk 
when at 32°, for every degree of Fahrenheit's ther- 
mometer. Experience shows that the heat of the air 
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decreases as the height above the surface of the earth 
increases. And it appears from recent investigations 
t^t the mean temperature of space is 58° below the 
zero point of Fahrenheit, which would probably be the 
temperature ol the stirfoce of the eaith also were it 
not for the non-conducting power of the air, whence it 
is enableid to retain the heat of the sun*s rays, which 
the earth imbibes and radiates in all directions. The 
decrease in heat is very irregular ; each authority gives 
a di/Terent estimate; probably because the decrease 
varies with the latitude as well as the height, and some- 
thing is due also to local circumstances. But from the 
mean of five different statements, it seems to be about 
one degree for every 334 feet, which is the cause of the 
severe cold and eternal snows on the summits of the 
Alpine chains. Of the various methods of computing 
heights from barometrical measurements, that of Mr. 
Ivory has the advantage of combining accuracy with the 
greatest simplicity. Indeed the accuracy with which 
the heights of mountedns can be obtained by this method 
is very remarkable. Captain Smyth, R.N., and Sir 
John Herschel measured the height of £tna by the 
barometer without any communication and in different 
years; Captain Smyth made it 10,874 feet, and Sir John 
Herschel 10,873 ; the difference being only one foot. In 
consequence of the diminished pressure of the atmos- 
phere, water boils at a lower temperature on the moun- 
tain tops than in the valleys, which induced Fahrenheit 
to propose this mode of observation as a method of as- 
certaining their heights. It is very simple, as Professor 
Forbes has ascertained that the temperature of the boil- 
ing point varies in an arithmetical proportion with the 
height, or 649 '6 feet for every degree of Fahrenheit, so 
that the calculation of height becomes one of arithmetic 
9 only without the use of any table. 

The atmosphere when in equilibrio is an ellipsoid 
flattened at the poles from its rotation with the earth. 
In that state its strata are of uniform density at equal 
heights above the level of the sea, and it is sensible of 
finite extent when it consists of particles infinitely divisi- 
ble or not. On the latter hypothesis it must really be 
finite, and even if its particles be infinitely divisible it is 
8 k2 
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known by experience to be of extreme tenuity at yety 
small heights. The barometer rises in proportion to 
the super-incnmbent pressure. At the level of the sea 
in the latitude of 45^ and at the temperature of mehing 
ice, the mean height of the barometer being 29*922 
inches, the density of the air is to the density of a simi- 
kur volume of mercuiy as 1 to 10477*9. Conseqa^ntiy 
the height of the atmosphere supposed to be of uniform 
density would be about 4*95 miles. But as the de^isity 
decreases upward in geometrical progreission it is consid- 
erably higher, probaUy about fifty miles ; at that hei^ 
it must be of extreme tenuity, for the decrease in density 
is so rapid that three fourths of all the air contained in 
the atmosphere is within four miles of the earth ; and, 
as its superficial extent is 200 millions of square miles, 
its relative thickness is less than that of a sheet of paper 
when compared with its breadth. The air even on 
mountain topais sufficiently rare to diminish the intensify 
of sound, to aifect respiration, and to occasion a loss w 
muscular strength. The blood burst from the fips and 
ears of M. de Humboldt as he ascended the Andes; 
and he experienced the same difficulty in kindling and 
maintaining a fire at great heights which Marco *Po1o 
the Venetian felt on the mountains of Central Asia. M. 
Gay-Lussac and M. Biot ascended in a balloon to the 
height of 4 '36 miles, which is the greatest elevation that 
man has attained, and they suffered greatly from the 
rarity of the air. It is true that at the height of thirty- 
seven miles, the atmosphere is still dense enon^ to 
reflect the rays of the sun when 18° below the horizon ; 
but the tails of comets show that extremely attenuated 
matter is capable of reflecting light. And although, at 
the height of fifty miles, the bursting of the meteor of 
1783 was heard on earth Uke the report of a cannon, it 
only proves the immensity of the explosion of a mass 
half a mile in diameter, which could produce a sound 
capable of penetrating air three thousand times more 
rare than that we breathe. But even these heights are 
extremely small when compared with the radius of the 
earth. 

The mean pressure of the atmosphere is not the same 
all over the globe. It is less at the equator than at the 
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txopics or in the higher latitades, in consequence of the 
ascent of the heated air from the surface of the earth ; 
it is less also on the shores of the Baltic sea than it is 
in France, probably from some permanent eddy in the 
air arising from the conformation of the surrounding 
land ; and to similar local causes those barometric depres- 
sions may be attributed Which hiive been observed by 
M. Erman, near the Sea of Ochotzk in Eastern Siberia, 
and by Captain Foster near Cape Horn. 

There are various periodic oscillations in the atmos- 
phere which, rising and falling like waves in the sea, 
occasion corresponding changes in the height of the 
barometer, but they differ as much from the trade winds, 
monsoons, and other currents, as the tides of the sea do 
from the Gulf-stream and other oceanic rivers. The 
sun and moon disturb the equilibrium of the atmosphere 
by their attraction, and produce annual undulations which 
have their majumum altitudes at the equinoxes and their 
minima at the solstices. There are also lunar tides 
which ebb and flow twice in the course of a lunation. 
The diurnal tides, which accomplish their rise and &11 
in six hours, are greatly modified by the heat of the 
gun. Between the tropics the barometer attains its 
maximum height about nine in the morning, then sinks 
till three or four in the afternoon ; it again rises and 
attains a second maximum about nine in the evening, 
and then it begins to fall and reaches a second minimum 
at three in the morning, again to pursue the same course. 
According to M. Bouvard, the amount of the oscillations 
at the equator is proportional to the temperature, and 
in other parallels it varies as the temperature and the 
square of the cosine of the latitude conjointly, conse- 
quently it decreases from the equator to the poles, but 
it is somewhat greater in the day than id the night. 

Besides these small undulations, there are vast waves 
perpetually moving over the continents and oceans in 
separate and independent systems, being confined to 
local yet very extensive districts, probably occasioned by 
long-continued rains or dry weather over large tracts of 
country. By numerous barometrical obsei-vations made 
simultaneously in both hemispheres, the courses of sev- 
eral have been traced, some of which occupy twenty-four 



116 THE TRADE-WINDS. Bkct. XV. 

and others thirty-six hours to accomplish itheir rise and 
faU. One especially of these vast barometric waves, many 
hundreds of miles in breadth, has been traced over the 
greater part of Europe, and not its breadth only, but also 
the direction of its front and its velocity have been clearly 
ascertained. Although like all other waves these are 
but moving forms, yet winds arise dependent on them 
like tide streams in the ocean. Mr. Birt has deter- 
mined the periods of other waves of still greater extent 
and duration, two of which require seventeen days to 
rise and fall, and another took thirteen days to complete 
its undulation. Since each oscillation has its perfect 
effect independently of the others, each one is marked 
by a change in the barometer, and this is beautifully 
illustrated by curves constructed from a series of obser- 
vations. The general form of the curve shows the 
course of the principal wave, while small undulations in 
its outline mark the maxima and minima of the minor 
oscillations. 

The trade-winds, which are the principal currents in 
the atmosphere, ai*e only a particular case of those veiy 
general laws which regulate the motion of the winds 
depending on the rarefaction of- the air combined with 
the rotation of the earth on its axis. 

The heat of the sun occasions these atrial currents 
by rarefying the air at the equator, which causes the 
cooler and more dense part of the atmosphere to rush 
along the sur&ce of the earth from the poles toward the 
equator, while that which is heated is carried along the 
higher strata to the poles, forming two counter-currents 
in the direction of the meridian. But the rotatory ve- 
locity of the air corresponding to its geographical posi- 
tion decreases toward the poles. In approaching the 
equator it must therefore revolve more slowly than the 
corresponding parts of the earth, and the bodies on the 
surface of the earth must strike against it with the ex- 
cess of their velocity, and by its reaction they will meet 
with a resistance conti*ary to their motion of rotation. 
So that the wind will appear to a person supposing him- 
self to be at rest, to blow in a direction nearly though 
not altogether contrary to the earth's rotation ; because 
these currents will still retain a part of their northerly 
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and southerly impetus, which, combining with their de- 
ficiency of rotatoiy velocity, will make Qiem appear to 
blow from the north-east on one side of the equator and 
from the south-east on the other, which is the general 
direction of the trade-winds. But they are modified 
both in intensity and direction by the seasons, by the 
nei^borhood of continents, and by the nature of the 
soil, so that the phenomena are not the same in both 
hemispheres. These winds, however, are not felt at all 
under the line, because the easterly tendency of the 
two great polar currents is gradually diminished as they 
approach the equator by the friction of the earth, which 
slowly imparts a portion of its rotatory velocity to them 
as they ^ass along, and when they meet in the equator 
they destroy one another^s impetus. The equator does 
not exactly coincide with the line which separates the 
trade-VTinds north and south of it. That line of separa- 
tion depends upon the total difference of heat in the two 
hemispheres, arising from the distribution of land and 
water, and other causes. 

The polar currents from defect of rotatoiy velocity 
tend, by their friction near the equator, to diminish the 
velocity of the earth's rotation ; while, on the contrary, 
the equatorial or upper currents carry their excess of 
rotatorjr velocity north and south. And as they occa- 
sionally cpme to the surface in their passage to the poles, 
they act on the earth by their friction as a strong south- 
west wind in the northern hemisphere, and as a north- 
west wind in the southern. In this manner the equili- 
brium of rotation is maintained. Sir John Herschel 
ascribes to this cause the western and south-western 
gales so prevalent in our latitudes, and also the west 
winds which are so constant in the North Atlantic. 

There are many proofs of the existence of the coun- 
ter-currents above the trade-winds. On the Peak of 
TenerifFe the prevailing winds are from the west. The 
ashes of the volcano of St. Vincent's, in the year 1812, 
were carried to windward as far as Barbadoes by the 
upper current. The captain of a Bristol ship declared 
that on that occasion dust from St. Vincent's fell to the 
depth of five inches on the deck at the distance of 500 
miles to the eastward. Light clouds have fi-equently 
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been seen moving rapidly from west to east, at a very 
great height above the trade-winds, which were sweep- 
ing along the sur&ce of the ocean in a contrary jdirec- 
tion. i^dns, clouds, and nearly all the other atmos- 
pheric phenomena occur below the height of 18,000 
feet, and generally much nearer to the surfiuse of the 
earth. They are owing to currents of air running upon 
each other in horizontel strata, and differing in their 
electric state, in temperature and moisture, as well as 
in velocity and direction. 

The monsoons are steady currents six months in dn* 
ration, owing to diminished atmospheric pressure at each 
tropic alternately from the heat of the sun, thereby pro- 
ducing a regular alternation of north and south winds, 
which combining their motion with that of the earth on 
its axis become a north-east wind in the northern hem- 
isphere and a south-west in the southern ; the former 
blows from April to October and the latter from October 
to April. The change from one to the other is at- 
tended by violent rains, with storms of thunder and 
Ughtning. From some peculiar conformation of the 
land and vrater, these winds are confined to the Arabian 
Gulf, the Indian Ocean, and the China Sea. 

When north and south winds blow alternately, the 
wind at any place will veer in one uniform direction 
through every point of the compass, provided the one 
begins before the other has ceased. In the northern 
hemisphere a north wind sets out with a smaller degree 
of rotatory motion than the places have at which it suc- 
cessively arrives, consequently it passes through aU the 
points of the compass from N. to N. E. and E. A cur- 
rent from the south, on the contrary, sets out with a 
greater rotatory velocity than the places have at which 
it successively arrives, so by the rotation of the earth it 
is deflected from S. to S. W. and W. Now if the vane 
at any place should have veered from the N. through 
N. E. to E., and a south wind should spring up, it would 
0(Mnbine its motion with the former and cause the vane 
to turn successively from the E. to S. E. and S. But 
by the earth's rotation this south wind will veer to the 
S. W. and W., and if a north wind should now arise, it 
would combine its motion with that of the west and 
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cause it to T©er to the N. W. and N. Thus two alter- 
nations of north and south wind will canse the vane at 
any place to go completely round the compass, from N. 
to E., S., W., and N. again. At the Royal Observatory 
at Greenwich, the wind accomplishes five circuits in that 
direction in the course of a year. When circumstances 
c<Mabine to produce alternate north and south winds in 
the southern hemisphere, the gyration is in the contrary 
direction. Although the genera] tendency of the wind 
may be rotatoiy, and is so in many instances, at least 
for part of the year, yet it is so often counteracted by 
local circumstances, that the winds are in general very 
irreguleur ; every disturbance in atmospheric equilibrium 
from heat or any other cause producing a corresponding 
wind. The most prevalent winds in Europe are the 
N. E. and S. W. ; the former arises from the north 
polar current, and the latter from causes already men- 
tioned. The law of the wind's rotation was nbticed by 
Dr. Dalton, but has been developed by Professor Dove, 
of Berlin. 

Hurricanes are those storms of wind in which the 
portion of the atmosphere that forms them revolves in a 
horizontal circuit round a vertical or somewhat inclined 
axis of rotation, while the axis itself, and consequently 
the whole storm, is carried forward along the surfece of 
the globe, so that the direction in which the storm is 
advancing is quite different from the direction in which 
the rotatoiy current may be blowing at any point. In 
the West Indies, where hurricanes are frequent and 
destructive, they generally originate in the tropical 
regions near the inner boundary of the trade-winds, and 
are probably owing to a portion of the superior current 
of wind penetrating through the lower. By far the 
greater number of Atlantic hurricanes have begun 
eastward of the lesser AntiUes or Caribbean Islands. 

In every case the axis of the storm moves in an 
elliptical or parabolic curve, having its vertex in or near 
the tropic of Cancer, which marks the external limit of 
the trade-winds north of the equator. As the motion 
before it reaches the tropic is in a straight line from S. 
E. to N. W., and after it has passed it from S. W. to 
N. E., the bend ef the curve is turned toward Florida 
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and the Carolinas. In the southern hemisphere the 
body of the storms moves in exactly the opposite direc- 
tion. The hurricanes which originate south of the 
equator, and whose initifd path is from N. E. to S. W., 
bend round at the tropic of Capricorn, and then bend 
from N. W. to S. E. 

The extent and velocity of these storms are great ; 
for instance, the hurricane that took place on the 12th 
of August, 1830, was traced from the eastward of the 
Caribbee Islands to the bank of Newfoundkmd, a distance 
of more than 3000 miles, which it passed over in six 
days. Although the hurricane, of the 1st of September, 
1821, was not so extensive, its velocity was greater, as 
it moved at the rate of 30 miles an hour : small storms 
are generally more rapid than those of greater dimen- 
sions. 

The action of these storms seems to be at first con- 
fined to the stratum of air nearest the earth, and then 
they seldom appear to be more than a mile high, 
though sometimes they are raised higher ; or even 
divided by a mountain into two separate storms, each of 
which continues its new path and gyrations with in- 
creased violence. This occurred in the gale of the 25th 
of December, 1821, in the Mediterranean, when the 
Spanish mountains and the Maritune Alps became new 
centers of motion. 

By the friction of the earth the axis of the storm 
bends a little forward, so that the whirling motion begins 
in the higher regions of the atmosphere before it is felt 
on the earth. This causes a continual intermixture ot 
the lower and warmer strata of abr with those that are 
higher and colder, producing torrents of rain and violent 
electric explosions. 

The rotation is different in direction in different hemi- 
spheres, though always alike in the same. In the 
northern hemisphere the gyration is contrary to the 
movement of the hands of a watch, that is to say, the 
wind revolves from east round through the north to the 
west, south and east again ; while in the southern hemi- 
sphere, the rotation about the axis of the storm is in the 
contrary direction. 

The breadth of the whirlwind is greatly augmented 
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when the path of the storm changes on crossing the 
tropic. The vortex of a storm has covered an extent of 
the surface of the globe 500 miles in diameter. 

The revolving motion accounts for the sudden and 
violent changes observed during hurricanes. In conse^ 
quence of the rotation of the air, the wind blows in op- 
posite directions on each side of the axis of the storm, 
and the violence of the blast increases from the circum- 
ference toward the center of gyration, but in the center 
itself the air is in repose : hence, when the body of the 
Btorm passes over a place, the wind begins to blow mod- 
erately, and increases to a hurricane as the center of 
the whirlwind approaches ; then, in a moment, a dead 
and awful cahn succeeds, suddenly followed by a re- 
newal of the storm in all its violence, but now blowing 
in a direction diametrically opposite to its former course. 
This happened at the Island of. St. Thomas, on the 2d 
of August, 1837« where the hurricane increased in vio- 
lence till half-past seven in the morning, when perfect 
stillness took place for forty minutes, after T^ch the 
storm recommenced in a contrary direction. 

The sudden fall of the mercury in the barometer in 
the regions habitually visited by hurricanes is a certain 
indication of a coming tempest. In consequence of the 
centrifugal force of these rotatory storms the air be- 
comes rarefied, and as the atmosphere is disturbed to 
some distance beyond the actual circle of gyration or 
limits of the storm, the barometer often sinks some 
hours before its arrival, from the original cause of the 
rotatory disturbance. It continues sinking under the 
first half of the hurricane, and again rises during the 
passage of the latter half, thou^ it does not attain its 
greatest height till the storm is over. The diminution 
of atmospheric pressure is greater and extends over a 
wider area in the temperate zones than in the torrid, 
on account of the sudden expansion of the circle of rota- 
tion when the gale crosses the tropic. 

As the fall of the barometer gives warning of the ap- 
proach of a hurricane, so the laws of the storm's mo- 
tion aiford to the seaman the knowledge to guide him in 
avoiding it. In the northern temperate zone, if the gale 
begins irom the S. E. and veers by S. to W., the ship 
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should Steer to the S. £. ; but if the g^e begins from 
the N. £.t and changes through N. to N. W., the ves- 
sel should go to the N. W. In the oDrthern part of the 
t<»:rid zone, if the storm begin from the N. £. and veer 
through £. to S. £., the ship should steer to (he N. E. ; 
hut if it b^gin from the N. W. and veer by W. to S. W., 
the ship should steer to the S. W., because she is in the 
south-western side of the storm. Since the laws of 
storms are reversed in the southern hemisphere, the 
rules for steering vessels are necessarily reversed atoo. 
A heavy swell is peculiarly characteristic of these 
storms. In the open sea the swell often extends many 
leagues beyond the range of the gale which produced it. 
Waterspouts are occasioned by small whirlwinds, 
which always have their origin at a great distance from 
that part of the sea from which the spout begins to rise, 
where it is generally calm. The whirl of the air be- 
gins in the clouds, and extending downward to the sea, 
causes the water to ascend in a spiral by the impulse cf 
the centrifugal force. When waterspouts have a pro- 
gressive motion, the vortex of air in the cloud above 
must move with the same velocity, otherwise the spouts 
break, which frequently happens. 
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Sound — Propagation of Sotmd illastrated by a Field of Standing Corn — 
Nature of Waves — Propagation of Sound through the Atmwiihere — 
Intensity — Noises — A Musical Sound — Quality — Pitch — Extent of 
Human Hearing — Velocity of Sound in Air, Water, and Solid» — Causes 
of the Obstruction of Sound — Law of its Intensity — ^Reflection of Sound 
— Echoes — Thunder — Refraction of Sound — Interference of Sounds. 

One of the most important uses of the atmosphere is 
the conveyance of sound. Without the air deathlike 
siience would prevail through nature, for in common 
with all substances it has a tendenoy to impart vibrations 
to bodies in contact with it. Therefore undulations re- 
ceived by the air, whether it be from a sudden impulse 
such as an explosion or the vibrations of a musical chord, 
are propagatcKi in every direction, and produce the sen- 
sation of sound upon the auditory nerves. A bell rung 
under the exhausted receiver of an air-pump is inaudi- 
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ble, which shows that the atmosphere is really the me- 
diom of sound. In the small undulations of deep watei* 
in a calm, the vibrations of the liquid particles are made 
in die vertical plane, that is up and down, or at right 
angles to the direction of the transmission of the waves. 
But the vibrations of the particles of air which produce 
sound differ from these, being performed in the same 
direction in which the waves of sound travel. The 
propagation of sound has been illustrated by a field of 
com agitated by the wind. However irregular the 
motion of the corn may seem on a superficial view, it 
wiU be found, if the velocity of the wind be constant, 
that the waves are all precisely similar and equal, and 
tiuit all are separated by equal intervals and move in 
equal times. 

A sudden blast depresses each ear equally and suc- 
cessively in the direction of the wind, but in conse- 
quence of the elasticity of the stalks and the force of 
the inipulse, each ear not only rises again as soon as 
the pressure is removed, but bends back nearly as 
much in the contrary direction, and then continues to 
oscillate backward and forward in equal times, like a 
pendulum to a less and less extent, till the resistance of 
the air puts a stop to the motion. These vibrations are 
the same for every individual ear of corn. Yet as their 
oscillations do not all commence at the same time, but 
successively, the ears will have a variety of positions at 
any one instant. Some of the advancing ears will meet 
others in their returning vibrations, and as the times of 
oscillation are equal for all, they wiU be crowded to- 
getiier at regular intervals. Between these there will 
occur equal spaces, where the ears will be few, in con- 
sequence of being bent in opposite directions ; and at 
otiier equal intervals they will be in their natural upright 
positions. So that over the whole field there will be a 
regular series of condensations and rarefactions among 
the ears of com, separated by equal intervals where 
they will be in their natural state of density. In con- 
sequence of these changes the field will be marked by 
an alternation of bright and dark bands. Thus the 
successive waves which fly over the com with the 
speed of the wind, are totally distinct from, and entirely 
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independent of the extent of the oscillations of each in- 
dividual ear, though both take place in the same direc- 
tion. The length of a wave is equal to the space be- 
tween two ears precisely in the same state of motioot 
or which are moving simiilarly, and the time of the vi- 
bration of each ear is equal to that which elapses be- 
tween the arrival of two successive waves at the same 
point. The only difference between the undulations of 
a corn-field and .those of the air which produce sound 
is, that each ear of com is set in motion by an external 
cause and is uninfluenced by the motion of the rest ; 
whereas in air, which is a compressible and elastic fluid, 
when one particle begins to oscillate, it communicates 
its vibrations to the surrounding particles, which trans- 
mit them to those adjacent, and so on continuaUy. 
Hence from the successive vibrations of the particles of 
air the same regular condensations and rarefactions take 
place as in the field of com, producing waves throu^- 
out the whole mass of air, though each molecule, like 
each individual ear of com, never moves far from its 
state of rest. The small waves of a liquid and the un- 
dulations of the air like waves in the com, are evidently 
not real masses moving in the direction in which they 
are advancing, but merely outlines, motions, or forms 
passing along, and comprehending all the particles of an 
undulating fluid which are at once in a vibratory state. 
It is thus that an impulse given to any one point of the 
atmosphere is successively propagated in all direkstidns, 
in a wave diverging as from the center of a sphere to 
greater and greater distances, but with decreasing in- 
tensity, in consequence of the increasing number of par- 
ticles of inert matter which the force has to move ; like 
the waves formed in still water by a falling stone, which 
are propagated circularly all around the center of' dis- 
turbance (N. 156). 

The intensity of sound depends upon the violence 
and extent of the initial vibrations of air ; but whatever 
they may be, each undulation when once formed can 
only be transmitted straight forward, and never returns 
back again unless when reflected by an opposing ob- 
stacle. The vibrations of the atrial molecules are al- 
ways extremely small, whereas the waves of sound 
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Vary from a few inches to several feet. The various 
musical instruments, the human voice and that of ani- 
mals, the singing of birds, the hum of insects, the roar 
of the cataract, &e whistling of the wind, and the other 
nameless peculiarities of sound, show at once an infinite 
variety in the modes of atrial vibration, and the aston- 
ishing acuteness and delicacy of the ear, thus capable of 
appreciating the minutest differences in the laws of 
molecular oscillation. 

All mere noises are occasioned by irregular impulses 
communicated to the ear, and if they be short, sudden, 
and repeated beyond a certain degree of quickness, the 
ear loses the intervals of silence and the sound appears 
continuous. Still such sounds will be mere noise : in 
order to produce a musical sound, the impulses, and 
consequently the undulations of the air must be eJl ex- 
actly similar in duration and intensity, and must recur 
after exactly equal intervals of time. If a blow be given 
to theneJEurest of a series of broad, flat, and equidistant 
palisades set edgewise in a line direct from the ear, 
each palisade will repeat or echo the sound ; and these 
echoes returning to the ear at successive equal intervals 
of time wiU produce a musical note. The quality of a 
musical note depends upon the abruptness, and its in- 
tensity upon the violence and extent of the original im- 
pulse. In the theory of harmony the only property of 
sound taken into consideration is the pitch, which varies 
with the rapidity of the vibrations. The grave or low 
tones are produced by very slow vibrations, which in- 
crease in frequency as the note becomes more acuteu 
Very deep tones are not heard by all alike, and Dr. Wol- 
iaston, who made a variety of experiments on the sense 
of hearing, found that many people though not at all 
deaf are quite insensible to the cry of the bat or the 
cricket, while to others it is painfully shrill. From his 
experiments he concluded that human hearing is limited 
to about nine octaves, extending from the lowest note of 
the organ to the highest known cry of insects ; and he 
observes with his usual originality that, *•* as there is 
nothing in the nature of the atmosphere to prevent the 
existence of vibrations incomparably more frequent than 
any of which we are conscious, we may imagine that 
1.2 
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animals like the Grylli, whose powers appear to com- 
mence nearly where ours terminate, may have the £ic- 
Qlty of hearing still sharper sounds which we do not 
know to exist, and that there may be other insects hear- 
ing nothing in common with us, but endowed with a 
power of exciting, and a sense which perceives vibratimis 
of the same nature indeed as tiiose which constitute our 
ordinary sounds, but so remote that the animals who 
perceive them may be said to possess another sense, 
agreeing with our own solely in the medium by which 
it is excited. 

M. Savart, so well known for the number and beauty 
of his researches in acoustics, has proved that a hi^ 
note of a given intensity being heard by some ears and 
not by others, must not be attributed to its pitoh, but to 
its feebleness. His experiments, and those more re- 
cently made by Professor Wheatstone, show, that if the 
pulses could be rendered sufficiently powerful, it would 
be difficult to fix a limit to human hearing at either end 
of the scale. M. Savart had a wheel made about nine 
inches in diameter with 360 teeth set at equal distances 
round its rim, so that while in motion each tooth suc- 
cessively hit on a piece of card. The tone increased in 
piteh with the rapidity of the rotation, and was very 
pure when the number of strokes did not exceed three 
or four thousand in a second, but beyond thatit became 
feeble and indistinct. With a wheel of a larger size a 
much higher tone could be obtained, because the teeth 
being wider apart the blows were more intense and 
more separated from one another. With 720 teeth on 
a wheel thirty-two inches in diameter, the sound pro- 
duced by 12,000 strokes in a second was audible, which 
corresponds to 24,000 vibrations of a musical chord. So 
that the human ear can appreciate a sound which only 
lasts the 24,000th part of a second. This note was dis- 
tinctly heard by M. Savart and by several people who 
were present, which convinced him that with another 
apparatus still more acute sounds might be rendered 
audible. 

For the deep tones M. Savart employed a bar of iron, 
two feet eight inches long, about two inches broad, and 
half an inch in thickness, which reveled about its center 
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as if its arms were the spokes of a wheeL When such 
a machine rotates it impresses a motion on the air simi- 
lar to its own, and when a thin board or card is brought 
close to its extremities, the current of air is moment- 
arily interrupted at the instant each arm of the bar 
passes before the card ; it is compressed above the card 
and dilated below ; but the instant the spoke has passed, 
a rush of air to restore equilibrium makes a kind of ex- 
plosion, and when these succeed each other rapidly, a 
musical note is produced of a pitch proportional to the 
velocity of the revolution. When M. Savart turned this 
bar slowly a succession of single beats was heard ; as 
the velocity became greater the sound was only a rattle ; 
but as soon as it was sufficient to give eight beats in a 
second, a very deep musical note was distinctly audible, 
corresponding to sixteen single vibrations in a second, 
which is the lowest that has hitherto been produced. 
When the velocity of the bar was much increased the 
intensity of the sound was hardly bearable. The spokes 
of a revolving wheel produce the sensation of sound, on 
the very same principle that a burning stick whirled 
round gives the impression of a luminous circle* J^he 
vibrations excited in the organ of hearing by one beat 
have not ceased before another impulse is given. In- 
deed it is indispensable that the impressions made upon 
the auditory nerves should encroach upon each other in 
order to ixroduce a fuU and continued note. On the 
whole, M. Savart has come to the conclusion, that the 
most acute sounds would be heard with as much ease 
as those of a lower pitch, if the duration of the sensation 
produced by each pulse could be diminished proportion- 
ally to the augmentation of the number of pulses in a 
^ven time : and on the contrary, if the duration of the 
sensation produced by each pulse could be increased in 
proportion to their number in a given time, that the 
deepest tones wouM be as audible as any of the others. 

The velocity of sound is imiform and independent of 
the nature, extent, and intensity of the primitive dis- 
turbance. Consequently sounds of every quality and 
pitch travel with equal speed. The smallest difference 
in their velocity is incompatible either with harmony or 
melody, for notes of different pitches and intensities 
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CM>unded together at a little distance, would arrive at the 
ear in diiferent times. A rapid succession of notes 
would in this case produce confusion and discord. But 
as the rapidity with which sound is transmitted depexids 
upon the elasticity of the medium through which it has 
to pass, whatever tends to increase the elasticity of the 
air must cdso accelerate the motion of sound. On liiat 
account its velocity is greater in warm than in cold 
weather, supposing the pressure of the atmosphere con- 
stant. In dry air at the freezing temperature, sound 
travels at the rate of 1090 feet in a second, and for any 
higher temperature one foot must be added for every 
degree of the thermometer above 32° ; hence at 62° of 
Fidirenheit its speed in a second is 1120 feet, or 765 
miles an hour, which is about three-fourths of die- diur- 
nal velocity of the earth's equator. Since all the phe- 
nomena of the transmission of sound are simple conse- 
quences of the physical properties of the air, they have 
been predicted and computed rigorously by the laws of 
mechanics. It was found, however, that the velocity of 
sound determined by observation, exceeded what it ou^t 
to have been theoretically by 173 feet, or about one-sixth 
of the whole amount. La Place suggested that this dis- 
crepancy might arise from the increased elasticity of the 
air in consequence of a development of latent heat (N. 
173) during the undulations of sound, and calculation 
confirmed tibe accuracy of his views. The atrial mole- 
cules being suddenly compressed give out their latent 
heat ; and as air is too bad a conductor to carry it rap- 
idly off, it occasions a momentary and local rise of tem- 
perature which, increasing the elasticity of the air 
without at the same time increasing its inertia, causes 
the movement to be propagated more rapidly. Analysis 
gives the true velocity of sound in terms of the elevation 
of temperature that a mass of air is capable of commu- 
nicating to itself, by the disengagement of its own latent 
heat when suddenly compressed in a given ratio. This 
change of temperature however could not be obtained 
directly by any experiments which had been made at 
that epoch ; but by inverting the problem and assuming 
the velocity of sound as given by experiment, it was 
computed that the temperature of a mass of air is raised 
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niDe-tenths of a degree when the compression is equal 
to jr{-^ of its volume. 

Probably all liquids are elastic, though considerable 
force is required to compress them. Water suffers a 
condensation of nearly 0*0000496 for every atmosphere 
of pressure, and is consequently capable of conveying 
sound even more rapidly than air, the velocity in the for- 
mer being 4708 feet in a second. A person under water 
hears sounds made in air feebly, but those produced in 
water very distinctly. According to the experiments of 
M. Colladon, the sound of a bell was conveyed under 
water through the Lake of Geneva to the distance of 
about nine miles. He also perceived that the progress 
of sound through water is gi-eatly impeded by the inter- 
position of any object, such as a projecting wall ; conse- 
quently sound under water resembles light in having a 
distinct shadow. It has much less in air, being trans- 
mitted all round buildings or other obstacles, so as to be 
heard in every direction, though often with a consid- 
erable diminution of intensity, as when a carriage turns 
the corner of a street. 

The velocity of sound in passing through solids is in 
proportion to their hardness, and is much greater than 
in air or water. A sound which takes some time in trav- 
eling through the air passes almost instantaneously along 
a wire six hundred feet long ; consequently it is heard 
twice — first as conununicated by the wire and after- 
ward through the medium of the air. The facility 
with which 5ie vibrations of sound are transmitted along 
the grain of a log of wood is well known. Indeed they 
pass through iron, glass, and some kinds of wood, at the 
rate of 18,530 feet in a second. The velocity of sound 
is obstructed by a variety of circumstances, such as fall- 
ing snow, fog, rain, or any other cause which disturbs 
the homogeneity of the medium through which it has 
to pass. M. de Humboldt says that it is on account of 
the greater homogeneity of the atmosphere during the 
night that sounds are then better heard than during the 
day, when its density is perpetually changing from par- 
tial variations of temperature. His attention was called 
to this subject on the plain surrounding the Mission of 
the Apures by the rushing noise of the great cataracts 
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of the Oronoco, which seemed to be three times as loud 
by night as by day. This he illustrated by experiment. 
A taU glass half full of champaigne cannot be made to 
ring as long as the effervescence lasts. In order to pro- 
duce a musical note the glass together with the liquid it 
contains must vibrate in unison as a system, which it 
cannot do in consequence of the fixed air rising tbrou^ 
the wine and disturbing its homogeneity, because the 
vibrations of the gas being much iSower than those <^ 
the liquid the velocity of the sound is perpetually inter- 
rupted. For the same reason the transmission of sound 
as well as light is impeded in passing through an atmos- 
phere of variable density. Sir John Herschel, in his 
admirable Treatise on Sound, thus explains the phe- 
nomenon: — **It is obvious," he says, **t^t sound as 
well as light must be obstructed, stifled, and dissipated 
from its original direction by the mixture of air of differ- 
ent temperatures, and consequently elasticities; and 
thus the same cause which produces that extreme 
transparency of the air at night, which astronomers 
alone fully appreciate, renders it idso more favorable to 
sound. There is no doubt, however, that the universal 
and dead silence, generally prevalent at night, renders 
our auditory nerves sensible to impressions which would 
otherwise escape notice. The analogy between sound 
and light is peiiect in this as in so many other respects. 
In the general light of day the stars disappear. In the 
continual hum of voices, which is always going on by 
day, and which reach us from all quarters and never 
leave the ear time to attain complete tranquillity, those 
feeble sounds which catch our attention at night make 
no impression. The ear, like the eye, requires long 
and perfect repose to attain its utmost sensibility." 

Many instances maybe brought in proof of the strength 
and clearness with which sound passes over the surface 
of water or ice. Lieutenant Foster was able to carry 
on a conversation across Fort Bowen harbor, when fro- 
zen, a distance of a mile and a half. 

The intensity of sound depends upon the extent of 
the excursions of the fluid molecules, on the energy of 
the transient condensations and dilatations, and on the 
greater or less number of particles which experi&noe 
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these effects. We estimate that intensity by the im- 
petus of these fluid molecules on our organs, which is 
consequently as the square of the velocity, and not by 
dieir inertia, which is as the simple velocity. Were 
the latter the case there would be no sound, because the 
inertia of the receding waves of air would destroy the 
equal and opposite inertia of those advancing ; whence 
it may be concluded that the intensity of sound dimin- 
ishes inversely as the square of the distance from its 
origin. In a tube, however, the force of sound does 
not decay as in open air, unless perhaps by friction 
against the sides. M. Biot found from a number of 
highly interesting experiments made on the pipes of the 
aqueducts in Paris, that a continual conversation could 
be carried on in the lowest possible whisper, through 
a cylindrical tube about 3120 feet long, the time of 
transmission through that space being 2*79 seconds. In 
most cases sound diverges in all directions so as to oc- 
cupy at any one time a spherical surface ; but Dr. Young 
has shown that there are exceptions, as for example 
when a flat surface vibrates only in one direction. The 
sound is then most intense when the ear is at right an- 
gles to the surface, whereas it is scarcely audible in a 
dh^ction precisely perpendicular to its edge. In this 
case it is impossible that the whole of the surrounding 
air can be affected in the same manner, since the particles 
behind the sounding surface must be moving toward it, 
whenever the particles before it are retreating. Hence 
in one half of the surrounding sphere of air its motions 
are retrogade, while in the other half they are direct ; 
consequently at the edges where these two portions 
meet, the motions of the air will neither be retrograde 
nor direct, and therefore it must be at rest. 

It appears from theory as well as daily experience, 
that sound is capable of reflection from surfaces (N. 174) 
according to the same laws as light. Indeed any one 
who has observed the reflection of the waves from a 
wall on the side of a river after the passage of a steam- 
boat, will have a perfect idea of the reflection of sound 
and of light. As every substance in nature is more or 
less elastic, it may be agitated according to its own law 
by the impulse of a muss of undulating air ; and recip^ 
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rocally the surface by its reaction will commuDicate its 
undulations back again into the air. Such reflectioiif 
produce echoes, and as a series of them may take place 
between two or more obstacles, each will cause an echo 
of the original sound, growing fainter and fainter till it 
dies away ; because sound, like light, is weakened by 
reflection. Should the reflecting surface be concave 
toward a person^ the sound will converge toward him 
with increased intensity, which will be greater still if 
the sui*face be spherical and concentric with him. Un- 
dulations of sound diverging from one focus of an ellip- 
tical shell (N. 175) converge in the other after reflee- 
tion. Consequently a sound from the one will be heard 
in the other as if it were close to the ear. The rolling 
noise of thunder has been attributed to reverberation 
between different clouds, which may possibly be the 
case to a certain extent. Sir John Herschel is of opin- 
ion, that an intensely prolonged peal is probably owing 
to a combination of sounds because the velocity of elec- 
tricity being incomparably greater than that of sound, 
the tiiunder may be regarded as originating in eveiy 
point of a flash of lightning at the same instant. The 
sound from the nearest point will arrive first, and if the 
flash run in a direct line from a person, the noise will 
come later and later from the remote points of its path 
in a continued roar. Should the direction of the flash 
be inclined, the succession of sounds will be more rapid 
and intense, and if the lightning describe a circular curve 
round a person, the sound will arrive from every point 
at the same instant with a stunning crash. In like 
manner the subterranean noises heard dming earth- 
quakes like distant thunder, may arise from the conse- 
cutive arrival at the ear of undulations propagated at the 
same instant from nearer and more remote points ; or 
if they originate in the same point, the sound may 
come by diflerent routes through strata of different den- 
sities. 

Sounds under water are heard very distinctly in the 
air immediately above; but the intensity decays with 
great rapidity as the obsei-ver goes farther off, and is 
altogether inaudible at the distance of two or three 
hundred yards. So that waves of sound, like those of 
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light, in passing from a dense to a rare medium, are not 
only refracted, but suffer total reflection at veiy oblique 
incidences (N. 184). 

The laws of interference extend also to sound. It is 
clear that two equal and similar musical strings will be 
in unison, if they communicate the same number of 
vibrations to the air in the same time. But if two such 
strings be so nearly in unison, that one performs a hun- 
dred vibrations in a second, and the other a hundred 
and one in the same period^-during the first few vibra- 
tions, the two resulting sounds will combine to form one 
of double the intensity of either, because the nSrial waves 
will sensibly coincide in time and place ; but one will 
gradually gain on the other till at the fiftieth vibration it 
will be half an oscillation in advance. Then the waves 
of air which produce the sound being sensibly equal, but 
the receding part of the one coinciding with the advan- 
cing part of the other, they will destroy one another and 
occasion an instant of silence. The sound will be re- 
newed immediately after, and will gradually increase 
till the hundredth vibration, when the two waves will 
combine to produce a sound double the intensity of either. 
These intervals of silence and greatest intensity, called 
beats^ will recur every second ; but if the notes differ 
much from one another the alternations will resemble a 
rattle ; and if the strings be in perfect unison there will 
be no beats, since there will be no interference. Thus 
by interference is meant the coexistence of two undula- 
tions in which the lengths of the waves are the same. 
And as the magnitude of an undulation may be dimin- 
ished by the addition of another transmitted in the same 
direction, it follows that one undulation may be abso- 
lutely destroyed by another when waves of the same 
length, are transmitted in the same direction, provided 
that the maxima of the undulations are equals and that 
one follows the other by half the length of a wave. A 
tuning-fork affords a good example of interference. 
When that instrument vibrates, its two branches alter- 
nately recede from and approach one another; each 
communicates its vibrations to the air, and a musical 
note is the consequence. If the fork be held upright, 
ibontalbot from the etfr, and turned round its axis while 
M 
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vibi'ating, at every quarter revolution the sound wifl 
scarcely be heard, while at the intermediate points it 
will be strong and clear. This phenomenon arises 
from the interference of the undulations of air coming 
from the two branches of the fork. When the tvro 
branches coincide, or when they are at equal distances 
from the ear, the waves of air combine to reinforce each 
other; but at the quadrants, where the two branches 
are at unequal distances from the ear, the lengths of the 
waves differ by half an imdulation, and consequently 
destroy one another. 



Section XVII. 



Vibration of Musical Strings — Harmonic Sounds— Nodes— Vibration of Air 
in Wind Instruments— Vibration of Solids— Vibrating Plates— Bell»— 
Harmony — Sounding Boards — Forced Vibrations— Resonance — Speakingr 
Machines. 

When the particles of elastic bodies are suddent^ 
disturbed by an impulse, they return to their natural 
position by a series of isochronous vibrations, whose 
rapidity, force, and permanency depend upon tiie elas- 
ticity, the form, and the mode of aggregation which 
unites the particles of the body. These oscillations are 
communicated to the air, and on account of its elasticity 
they excite alternate condensations and dilatations in 
the strata of the fluid nearest to the vibrating body: 
from thence they are propagated to a distance. A string 
or wire stretched between two pins, when drawn aside 
and suddenly let go, will vibrate till its own rigidity and 
the resistance of the air reduce it to rest. These oscil- 
lations may be rotatory in every plane, or confined to one 
plane, according as the motion is communicated. In the 
piano-forte, where the strings are struck by a hammer 
at one extremity, the vibi-ations probably consist of a 
bulge running to and fro from end to end. Different 
modes of vibration may be obtained from the same so- 
norous body. Suppose a vibrating string to give the 
lowest C of the piano-forte, which is the fundamental 
note of the string ; if it be lightly touched exactly in the 
middle so as to retain that point" at rest, each half will 
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then vibrate twice as &8t as the whole, but in opposite 
directioDs ; the veDtral or bulging segments will be alter- 
nately above and below the natural position of the string, 
and the resulting note will be the octave above C. When 
a point at a third of the length of the string is kept at 
rest, the vibrations will be three times as fast as tibose 
of the whole string) and will give the twelfth above C. 
When the point of rest is one fourth of the whole, the 
oscillations will be four times as fast as those of the fun- 
daorental note, and will give the double octave ; and so 
on. These acute sounds are called the haimonics of 
the fundamental note. It is clear from what has been 
stated, that the string thus vibrating could not give these 
harmonics spontaneously unless it divided itself at its 
aliquot parts into two, three, four, or more segments in 
opposite states of vibration separated by points actually 
at Yest. In proof of this, pieces of paper placed on the 
string at the half, third, fourth, or other aliquot points 
according to the corresponding harmonic sound, will re- 
main on it during its vibration, but will instantly fly off 
irom any of the intermediate points. The points of 
rest called the nodal points of the string, are a mere 
consequence of the law of interferences. For if a rope 
fastened at one end be moved to and fro at the other 
extremity so as to transmit a succession of equal waves 
along it, they will be successively reflected when they 
arrive at the other end of the rope by the fixed point, 
and in returning they will occasionally interfere with 
the advancing waves ; and as these opposite undulations 
will at certain points destroy one another, the point of 
the rope in which this happens will remain at rest. 
Thus a series of nodes and ventral segments will be 
produced, whose number will depend upon the tension 
and the frequency of the alternate motions communi- 
cated to the movable end. So when a string fixed at 
both ends is put in motion by a sudden blow at any point 
of it, the primitive impulse divides itself into two pulses 
roaning opposite ways, which are each totally reflected 
at the extremities, and running back again along the 
whole length are again reflected at the other ends. And 
thus they will continue to run backward and forwai-d, 
crossing one another at each traverse, and occiwionally 
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interfering, so as to produce nodes ; so that tbe motioD 
of a string fastened at both ends consists of a wave or 
poise, continually doubled back on itself by reflection at 
the fixed extremities. 

- Harmonics generally coexist with the fundamental 
sound in the same vibrating body. If one of the lowest 
strings of the piano-forte be struck, an attentive ear 
will not only hear the fundamental note, but will detect 
all the others sounding along with it, though with less 
and less intensity as their pitch becomes Mgher. Acr 
cording to the law of coexisting undulations, the whole 
string and each of its aliquot parts are in different and 
independent states of vibration at the same time ; and 
as all the resulting notes are heard simultaneously, not 
only the air but the ear also vibrates in unison with 
each at the same instant (N. 176). 

Harmony consists in an agreeable combination of 
sounds. When two chords perform their vibrations in 
the same time, they are in unison. But when their 
vibrations are so related as to have a common period 
after a few oscillations they produce concord. Thus 
when the vibrations of two strings bear a very simple 
relation to each other, as where one of them makes 
two, three, four, &c. vibrations in the time the other 
makes one ; or if it accomplishes three, four, 6cc. vibra- 
tions while the other makes two, the result is a concord 
which is the more perfect the shorter the common 
period. In discords, on the contrary, the beats are 
distinctly audible, which produces a disagreeable and 
harsh eifect, because the vibrations do not bear a simple 
relation to one another, as where one of two strings 
makes eight vibrations while the other accomplishes 
fifteen. The pleasure affoixled by harmony is attributed 
by Dr. Young to the love of order, and to a predilection 
for a regular repetition of sensations natural to the 
human mind, which is gr^itified by the perfect regularity 
and rapid recurrence of the vibrations. The love of 
poetry and dancing ho conceives to arise in some degree 
fit)m the rhythm of the one and the regularity of tlie 
motions in the other. 

A blast of an* passing over the open end of a tube, as 
over the reeds in Pan's pipes ; Qver a hole in quo 8id0, 
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as in the fiute ; or through the nperture called a reed 
with a flexible tongue, as in the clarinet, puts the inter- 
nal column of air into longitudinal vibrations by the 
alternate condensations and rarefactions of its particles. 
At the same time the column spontaneously divides 
itself into nodes between which the air also vibrates 
longitudinally, but with a rapidity inversely proportional 
to the lengdi of the divisions, giving the fundamental 
note or one of its harmonics. The nodes are produced 
on the principle of interferences by the reflection of the 
longitudinal undulations of the air at the ends of the 
pipe, as in the musical string, only that in one case the 
undulations are longitudinal, and in the other transverse. 
A pipe either open or shut at both ends when 
sounded vibrates entire, or divides itself spontaneously 
into two, three, four, &c. segments separated by nodes. 
The whole column gives the fundamental note by 
waves or vibrations of the same length with the pipe. 
The first harmonic is produced by waves half as long as 
the tube, the second harmonic by waves a third as long, 
and so on. The harmonic segments in an open and 
shut pipe are the same in number, but differently 
jdaced. In a shut pipe the two ends are nodes, but in 
an open pipe there is half a segment at each extremity, 
because the air at these points is neither rarefied nor 
condensed, being in contact with that which is external. 
If one of the ends of the open pipe be closed, its funda- 
mental note will be an octave lower, the air will now 
divide itself into three, five, seven, &c. segments ; and 
the wave producing its fundamental note will be twice 
ns long as the pipe, so that it will be doubled back 
(N. 177). AU these notes may be produced separately, 
by varymg the intensity of the blast. Blowing steadily 
and. gently, the fundamental note will sound ; when the 
force of the blast is increased, the note will all at once 
start up an octave ; when the intensity of the wind is 
augmented, the twelfth will be heard, and by continuing 
to increase the force of the blast the other harmonics 
may be obtained, but no force of wind will produce a 
note intermediate between these. The harmonics of a 
flute may be obtained in this manner, from the lowest 
C or D upward, without altering the fingering, merely 
M 2 
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by increasing the intensity of the blast, and altering the 
rorm of the lips. Pipes of the same dimensioaB, 
whether of lead, glass, or wood, give the same tone as to 
pitch under the same circumstances, which shows that 
the air alone produces the sound. 

Metal springs fastened at one end, when forcibly 
bent, endeavor to return to rest by a series of vibrations, 
which give very pleasing tones, as in musical boxes. 
Various musical instruments have recently been con- 
structed, consisting of metallic springs thrown into vibra- 
tion by a current of air. Among the most perfect of these 
ore Mr. Wheataitone's Symphonion, Concertina, and JEo- 
lian Organ, instruments of different effects and capabilities, 
but all possessing considerable execution and expression. 

The Syren is an ingenious instrument, devised by M. 
Cagniard de la Tour, for ascertaining the number of 
pulsations in a second corresponding to each pitch : liie 
notes are produced by jets of air passing through small 
apertures ari'anged at regular distances in a circle on 
the side of a box, before which a disc revolves pierced 
with the same niunber of holes. Daring a revolution 
of the disc the cuiTents are alteraately intercepted and 
allowed to pass as many times as there are apeiiurea ir 
it, and a sound is produced whose pitch depends on the 
velocity of rotation. 

A glass or metallic rod, when struck at one end, or 
rubbed in the direction of its length with a wet finger, 
vibrates longitudinally like a column of air, by the alter- 
nate condensation and expansion of its constituent par- 
ticles, producing a clear and beautiful musical note of 
a high pitch, on account of the rapidity with which 
these substances transmit sound. Rods, surfaces, and, 
in general, all undulating bodies, resolve themselves into 
nodes. But in surfaces, the parts which remain at rest 
during their vibrations are lines, which are curved or 
plane accoi-ding to the substance, its form, and the mode 
of vibration. If a little fine dry sand be strewed over 
the surface of a plate of glass or metal, and if undula- 
tions be excited by drawing the bow of a violin across 
its edge, it will emit a musical sound, and the sand 
will immediately arrange itself in the nodal lines, where 
ak>ne it will accumulate and remain at rest, because the 
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segments of the surface on each side will be tn different 
states of vibration, the one being elevated while the 
other is depressed; and as these two motions meet in 
the nodal hnes, they neutralize one another. These 
lines vary in form and position with the part where the 
bow is drawn across, and the point by which the plate 
is held. The motion of the sand shows in what direc- 
tion the vibrations take place. If they be perpendicular 
to the surface, the sand will be violently tossed up and 
down, till it finds the points of rest. If they be tan- 
gential, the sand will only creep along the surface to 
3ie nodal lines. Sometimes the undulations are oblique, 
or compounded of both the preceding. If a bow be 
drawn across one of the angles of a square plate of glass 
or metal held firmly by the center, the sand will ar- 
range itself in two straight lines parallel to the sides of 
the plate, and crossing in the center so as to divide it 
into four equal squares, whose motions will be contrary 
to each other. Two of the diagonal squares will make 
their excursions on one side of the plate, while the 
other two make their vibrations on the other side of it. 
This mode of vibration produces the lowest tone of the 
plate (N. 178). If the plate be still held by the center, 
and the bow applied to the middle of one of the sides, 
the vibrations will be more rapid, and the tone will be a 
fifth higher than in the preceding case ; now the sand 
will arrange itself from corner to corner, and will divide 
the plate into four equal triangles, each pair of which 
will make their excursions on opposite sides of the 
}^te. The nodal lines and pitch vary not only with 
the point where the bow is applied, but with the point 
by which the plate is held, which being at rest, neces- 
sarily determines the direction of one of the quiescent 
lines. The forms assumed by the sand in square 
plates are very numerous, corresponding to all the va- 
rious modes of vibration. The lines in circular plates 
are even more remarkable for their symmetry, and 
upon them the forms assumed by the sand may be 
classed in three systems. The first is the diametrical 
system, in which the figures consist of diameters divid- 
ing the circumference of the plate into equal parts, 
each of which is in a different state of vibration from 
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those adjacent. Two diameters, for example, croscnng 
at right angles, divide the circumference into four equal 
parts; three diameters divide it into six equal parts; 
four divide it into eight, and so on. In a metallic plate, 
these divisions may amount to thirty-six or forty. The 
next is the concentric system, where the sand arranges 
itself in circles, having the same center with the plate ; 
and the third is the compound system, where the figures 
assumed by the sand are compounded of the other two, 
producing very complicated and beautiful forms. Gra- 
lileo seems to have- been the first to notice the points of 
rest and motion in the sounding-board of a musical 
instrument ; but to Chladni is due the whole discovery 
of the symmetrica] forms of the nodal lines in vibrating 
plates (N. 179). Professor Wheatstone has shown in 
a paper read before the Royal Society, in- 1833, that all 
Chladni^s figures, and indeed all the nodal figures of 
vibrating surfaces, result from very simple modes of 
vibration, oscillating isochronously, and superposed upon 
each other ; the resulting figure varying with the com- 
ponent modes of vibration, the number of the super- 
positions, and the angles at which they are superposed. 
For example, if a square plate be vibrating so as to make 
the sand arrange itself in straight lines parallel to one 
side of the plate, and if, in addition to this, such vibra- 
tions be excited as would have caused the sand to form 
in lines perpendicular to the first had the plate been 
at rest, the combined vibrations will make the sand form 
in lines from corner to corner (N. 180). 

M. Savart's experiments on the vibrations of flat glass 
rulers are highly interesting. Let a lamina of glass 
27'"*56 long, 0*59 of an inch broad, 0*06 of an inch in 
thickness, be held by the edges in the middle, with its 
flat surface horizontal. If this surface be strewed with 
sand, and set in longitudinal vibration by rubbing its 
under surface with a wet cloth, the sand on the upper 
surface will arrange itself in lines parallel to the ends of 
the lamina, always in one or other of two systems 
(N. 181). Although the same one of the two systems 
will always be produced by the same plate of glass, yet 
among different plates of the preceding dimensions, even 
though cut from the same sheet side by side, one will 



Skct. XVIL vibration OF LABUNJB. 141 

inyariably exhibit one system, and the other the other, 
without any visible reason for the difference. Now if 
the positions of these quiescent lines be marked on the 
upper surface, and if the plate be turned so that the 
lower sur&ce becomes the upper one, the sand being 
strewed, and vibrations excited a^ before, the nodal lines 
will still be parallel to the ends of the lamina, but their 
positions will be intermediate between those of the 
upper surface (N. 182). Thus it appears that all the 
motions of one half of the thickness of the lamina, or 
ruler, are exactly contrary to those of the corresponding 
points of the other half. If the thickness of the lamina 
be increased, the other dimensions remaining the same, 
the sound will not vary, but the number of nodal lines 
will be less. When the breadth of the lamina exceeds 
the 0*6 of an inch, the nodal lines become curved and are 
different on the two surfaces. A great variety of forms 
are produced by increasing the breadth and changing 
the form of the surface ; but in all, it appears that the 
motions in one half of the thickness are opposed to those 
in the other half. 

M. Savart also found, by placing small paper rings 
round a cylindrical tube or rod, so as to rest upon it at 
one point only, that when the tube or rod is continually 
turned on its axis in the same direction, the rings slide 
along during the vibrations, till they come to a quiescent 
point, where they rest. By ti*acing these nodal lines he 
discovered that they twist in a spiral or corkscrew round 
rods and cylindera, making one or more turns according 
to the length ; but at certain points, varying in number 
according to the mode of vibration of the rod, the screw 
stops, and recommences on the other side, though it is 
turned in a contraiy direction ; that is, on one side it is 
aright-handed screw, on the other a left (N. 183). The 
nodal lines in the interior surface of the tubes are per- 
fidctly similar to those in the exterior, but they occupy 
intermediate positions. If a small ivory ball be put 
within the tube, it will follow these nodal lines when 
the tube is made to revolve on its axis. 

All solids which ring when struck, such as bells, 
drinking glasses, gongs, &c., have their shape momen- 
tarily and forcibly changed by the blow, and from tbeir 
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elasticity, or tendency to resume dieir natural form, a 
series of undulations takes place, owing to the alternate 
condensations and rarefactions of the particles _of solid 
matter. These have also their harmonic tones, and 
consequently nodes. Indeed generally, when a rigid 
system of any form whatever vibrates either transverse- 
ly or longitudinally, it divides itself into a certain number 
of parts, v^ich perform their vibrations without disturb^ 
ing one another. These parts are at every instant in 
alternate states of undulation ; and as the points or lines 
where they join partake of both they remain at rest^ 
because the opposing motions destroy one another. 

The air, notwithstanding its rarity, is capable of tnuuk 
mitting its undulations when in contact with a body sns* 
ceptible of admitting and exciting them. It is thus that 
sympathetic undulations are excited by a body vibrating 
near insulated tended strings, capable of following its 
Undulations, either by vibrating entire, or by separating 
themselves into their harmonic divisions. If two chords 
equally stretched, of which one is twice or three times 
longer than the other, be placed side by side, and if the 
shorter be sounded, its vibrations will be communicated 
by the air to the other, which will be thrown into such 
a state of vibration that it will be spontaneously divided 
into segments equal in length to the shorter stiing. 
When a tuning-fork receives a blow and is made to rest 
upon a piano-forte during its vibration, every string 
which, either by its natural length or by its spontaneous 
subdivisions, is capable of executing corresponding vibra- 
tions, responds in a sympathetic note. Some one or 
other of the notes of an organ are generally in unison 
with one of the panes or with the whole sash of a win- 
dow, which consequently resounds when these notes 
are sounded. A peal of thunder has frequently the 
same effect. The sound of very large organ-pipes is 
generally inaudible till the air be set in motion by the 
undulations of some of the superior accords, and Ihen 
its sound becomes extremely energetic. Recurring vi- 
brations occasionally influence each other's periods. For 
example, two adjacent organ-pipes nearly in unison, may 
force themselves into concord ; and two clocks whose 
rates differed considerably when separate, have been 
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known to beat together when fixed to the same wall, 
and one clock has forced the pendulum of another into 
motion, when merely standing on the same stone pave- 
ment. These forced oscillations, which correspond in 
their periods with those of the exciting cause, are to be 
traced in eyery department of physical science. Several 
instances of them have already occurred in this work. 
Such are the tides, which foUow the sun and moon in all 
their motions and periods. The nutation of the earth's 
axis also, which corresponds with the period, and repre- 
sents die motion of the nodes of the moon, is again 
reflected back to the moon, and may be traced in the 
natation of the lunar orbit. And lastly, the acceleration 
of the moon's mean motion represents the action of the 
planets on the earth reflected by the sun to the moon. 

In consequence of the facility with which the air 
communicates undulations, all the phenomena of vibrat- 
ing plates may be exhibited by sand strewed on paper or 
parchment, stretched over a harmonica glass or large 
bell-shaped tumbler. In order to give due tension to 
the paper or vellum, it must be wetted, stretched over 
liie glass, gummed round the edges, allowed to dry, and 
varnished over to prevent changes in its tension from the 
humidity of the atmosphere. If a circular disc of glass 
be held concentrically over this apparatus, with its plane 
parallel to the surface of the paper, and set in vibration 
by drawing a bow across its edge, so as to make sand on 
its surface take any of Chladni's figures, the sand on the 
paper will assume the very same form, in consequence 
of the vibrations of the disc being communicated to the 
paper by the air. When the disc is removed slowly in 
a horizontal du^ction, the forms on the paper will cor- 
respond with those on the disc, till the distance is too 
great for the air to convey the vibrations. If the disc 
while vibrating be gradually more and more inclined to 
the horizon, the figures on the paper will vary by de- 
grees; and when the vibrating disc is peipendicular to 
the horizon, the sand on the paper will form into straight 
lines parallel to the surfiice of the disc, by creeping along it 
instesid of dancing up and down. If the disc be made to 
torn round its vertical diameter while vibrating, the nodal 
lines on the paper will revolve, and exactly follow the 
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motion of the disc. It appears from this experiment, 
that the motions of the atrial molecules in every part of 
a spherical wave, propagated from a vibrating body as a 
center, are parallel to each other, and not divergent like 
the radii of a circle. When a slow air is played on a 
(lute near this apparatus, each note calls up a part^ular 
form in the sand, which the next note effaces to estab- 
lish its own. The motion of the sand will even detect 
sounds that are inaudiUe. By the vibrations of sand on 
a drum-head the besieged have discovered the direction 
in which a counter-mine was working. M. Savart, who 
made these beautiful experiments, employed this appar • 
ratus to discover nodal lines in masses of air. He foand 
that the air of a room, when thrown into undulations by 
the continued sound of an organ-pipe, or by any other 
means, divides itself into masses separated by nodal 
curves of double curvature, such as spirals, on each side 
of which the air is in opposite states of vibration. He 
even traced these quiescent lines going out at an open 
window, and for a considerable distance in the open air. 
The sand is violently agitated where the undulations of 
the air are greatest, and remains at rest in the nodal 
lines. M. Savart observed, that when he moved his 
head away from a quiescent line toward the right the 
sound appeared to come from the right, and when he 
moved it toward the left the sound seemed to come from 
the left, because the molecules of air are in different 
states of motion on each side of the quiescent line. 

A musical string gives a very feeble sound when vi- 
brating alone, on account of the small quantity of air set 
in motion. But when attached to a sounding-board, as 
in the harp and piano-forte, it communicates its undula- 
tions to that surface, and from thence to every part of 
the instrument ; so that the whole system vibrates iso- 
chronously, and by exposing an extensive undulating sur- 
face, which transmits its undulations to a great mass of 
air, the sound is much reinforced. The intensity is 
greatest when the vibrations of the sti'ing or sounding 
body are perpendicular to the sounding-board, and least 
when they are in the same plane with it. The sound- 
ing-board of the piano-forte is better disposed than that 
of any other stringed instrument, because the hammers 
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Strike the strings so as to make them vibrate at right 
liDgles to it. In the guitar, on the contrary, they are 
strock obliquely, which renders the tone feeble, unless 
wheii the sides, which also act as a sounding-board, are 
deep. It is evident that the sounding-board and the 
whole instrument are agitated at once by all the super- 
posed vibrations excited by the simultaneous or consecu- 
tive notes that are sounded, each having its perfect effect 
independently of the rest. A sounding-board not only 
reciprocates the different degrees of pitch, but all the 
nameless qualities of tone. This has been beautifully 
illustrated by Professor Wheatstone in a series of exper- 
iments on the transmission through solid conductors of 
musical performances, from the harp, piano, violin, clar- 
inet, &c. He found that all the varieties of pitch, qual- 
. ity, and intensity, are perfectly transmitted with itievr 
relative gradations, and may be communicated through 
conducting wires or rods of very considerable length, to 
a properly dispelled sounding-board in a distant apart- 
ment. The soQldds of an entire orchestra may be trans- 
mitted and reciprocated by connecting one end of a 
metallic rod witili a sounding-board near the orchestra, 
so placed as to resound to all the instruments, and the 
other end with the sounding-board of a harp, piano, or 
guitar, in a remote apartment. Professor Wheatstone 
observes, »* The effect of this experiment is very pleas- 
ing ; the sounds, indeed, have so little intensity as scarcely 
to be heard at a distance from the reciprocating instru- 
ment ; but on placing the ear close to it, a diminutive 
band is heard, in which all the instruments preserve 
their distinctive qualities, and the pianos and fortes, the 
crescendos and diminuendos, their relative contrasts. 
Compared with an ordinaiy band heard at a distance 
through the air, the effect is as a landscape seen in min- 
iatui'e beauty through a concave lens, compared with 
the same scene viewed by ordinary vision through a 
murky atmosphere." 

Every one is aware of the reinforcement of sound by 
the resonance of cavities. When singing or speaking 
near the aperture of a wide-mouthed vessel, the inten- 
sity of some one note in unison with the air in the cav- 
ity, is often augmented to a gi-eat degree. A.ny vessel 
10 N 
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will resound if a body vibratiiig the natural note of tiie 
cavity be placed oj^site to its orifice, and be lurgi 
enough to cover it ; or at least to set a large portion of 
the adjacent air in motion. For the sound will be alter- 
nately reflected by the bottom of the cavity and the un- 
dulating body at its mouth. The first impulse of the 
undulating substance will be reflected by the bottom of 
the cavity, and then by the undulating body, in time to 
combine with the second new impulse. This reinforced 
sound will also be twice reflected in time to conspire 
with the third new impulse ; and as the same process 
will be repeated on every new impulse, each will com- 
bine with all its echoes to reinforce the sound pro- 
digiously. Professor Wheatstone, to whose ingenuity 
we are indebted for so much new and valuable informa- 
tion on the theory of sound, has given some very striking 
instances of resonance. If one of the branches of a vi- 
brating tuning-fork be brought near the embouchure of 
a flute, the lateral apertures of which are stopped so as 
to render it capable of producing the same sound as the 
fork, the feeble and scarcely audible sound of the fork 
will be augmented hy the rich resonance of the column 
of air within the flute, and the tone will be full and clear. 
The sound will be found greatly to decrease by closing 
or opening another aperture ; for the alteration in the 
length of the column of air renders it no longer fit per- 
fectly to reciprocate the sound of the fork. This exper- 
iment may be made on a concert flute with a C tuning- 
fork. But Professor Wheatstone observes, that in this 
case it is generally necessai-y to fmger the flute for B, 
because when blown into with the mouth the under-lip 
partly covers the embouchure, which renders the sound 
about a semitone flatter than it would be were the em- 
bouchure entirely uncovered. He has also shown, by 
the following experiment, that any one among several 
simultaneous sounds may be rendered separately audible. 
If two bottles be selected, and tuned by filling them with 
such a quantity of water as will render them unisonant 
with two tuning-forks which differ in pitch, on bringing 
both of the vibrating tuning-forks to the mouth of each 
bottle alternately, in each case that sound only will be 
heard which is reciprocated by the unisonant bottle. 
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Several attempts have been made to imitate the artic- 
ulation of the letters of the alphabet. About the year 
1779, MM. Kratzenstein of St. Petersburgh, and Kem- 
pelen of Vienna, constructed iusti'uments which articu* 
lated many letters, words, and even sentences. Mr. 
Willis of Cambridge has recently adapted cylindrical 
tubes to a reed, whose length can be varied at pleasure 
by sliding joints; Upon drawing out a tube while a col- 
onm of air from the bellows of an organ is passing 
through it, the vowels are pronounced in the order, 2, «« 
a, o, 2^ On extending the tube they are repeated after 
a certain interval, in the inverted order, u, o, a, e, t. Af- 
ter another iqterval they are again obtained in the direct 
cwder, and so on. When the pitch of the reed is very 
high, it is impossible to sound some of the vowels, which 
ia in perfect correspondence with the human voice, fe- 
male singers being unable to pronounce u and in their 
high notes. From the singular discoveries of M. Savart 
on the nature of the human voice, and the investiga- 
tions of Mr. Willis on the mechanism of the larynx, 
it may be presumed that ultimately the utterance or 
pronunciation of modern languages will be conveyed, 
not only to the eye but also to the ear of posterity. 
Had the ancients possessed the means of transmitting 
such definite sounds, the civilized world would still have 
responded in sympathetic notes at the distance of many 
ages. 
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Not only everything we hear but all we see is tiirough 
the medium of the atmosphere. Without some knowl- 
edge of its action upon light, it would be impossible to 
ascertain the position of the heavenly bodies, or even to 
determine the exact place of very distant objects upon 
the surface of tdie earth; for in consequence of the re- 
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fractive power of the air, no distant object is seen in its 
true position. 

All the celestial bodies appear to be more elevated 
than they really are ; because the rays of light, instead 
of moving through the atmosphere in strtught lines, are 
continually inflected toward the earth. Light passing 
obliquely out of a rare into a denser medium, as from 
vacuum into air, or from air into water, is bent or re- 
fracted from its course toward a perpendicular to that 
point of the denser surface where the light enters it 
(N. 184). In the same medium, the sine of the angle 
contained between the incident ray and the perpdndie- 
ular is in a constant ratio to the sine of the angle con- 
tained by the refracted ray and the same perpendicu- 
lar ; but this ratio varies with the refracting medium. 
The denser the medium the more the ray is bent 
The barometer shows that the density of the atmos- 
phere decreases as the height above the earth increases. 
Direct experiments prove that the refractive power irf 
the air increases with its density. It follows therefore 
that if the temperature be uniform, the refractive pofwer 
of the air is greatest at the earth's surface and dimin- 
ishes upward. 

A ray of light from a celestial object falling obliquely 
on this variable atmosphere, instead of being refracted 
at once from its course, is gradually more and more bent 
during its passage through it so as to move in a vertical 
curved line, in the same manner as if the atmosphere 
consisted of an infinite number of strata of different den- 
sities. The object is seen in the direction of a tangent 
to that part of the curve which meets the eye, conse- 
quently the apparent altitude (N. 185) of the heavenly 
bodies is always greater than their true altitude. Owing 
to this circumstance, the stars are seen above the hori- 
zon after they are set, and the day is lengthened from 
a part of the sun being visible, though he really is behind 
the rotundity of the earth. It would be easy to de- 
termine the direction of a ray of light through the afc- 
mosphere if the law of the density were known ; but as 
this law is perpetually varying with the temperature, 
the case is very complicated. When rays pass perpen- 
dicularly from one medium into another, they are not 
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bent ; and experience shows, that in the same surface, 
though the sines of the angles of incidence and refrac- 
tion retain the same ratio, the refraction increases with 
the obliquity of incidence (N. 184). Hence it appears 
that the refraction is greatest at the horizon, and at the 
zenith there is none. But it is proved that at all heights 
above ten degrees, refraction varies nearly as the tangent 
of the angular distance of the object from the zenith, 
and wholly depends upon the heights of the barometer 
and thermometer. For the quantity of refraction at the 
same distance from the zenith varies nearly as the height 
of the barometer, the temperature being constant ; and 
the effect of the variation of temperature is to diminish 
the quantity of refraction by about its 480th part for 
every degree in the rise of Fahrenheit*s thermometer. 
Not much reliance can be placed on celestial observa- 
tions, within less than ten or twelve degrees of the 
horizon, on account of irregular variations in the density 
of the air near the surface of the earth, which are 
sometimes the cause of very singular phenomena. The 
humidity of the au* produces no sensible effect on its 
refractive power. 

Bodies, whether luminous or not, are only visible by 
the rays which proceed from them. As the rays must 
pass through strata of different densities in coming to us, 
it follows that with the exception of stars in the zenith, 
no object either in or beyond our atmosphere is seen in 
its true place. But the deviation is so small in ordinary 
cases that it causes no inconvenience, though in astro- 
Domica] and trigonometrical observations due allowance 
must be made for the effects of refraction. Dr. Brad- 
ley's tables of refraction were formed by observing the 
zenith distances of the sun at his greatest declinations, 
and the zenith distances of the p<^-star above and below 
the pole. The sum of these four quantities is equal to 
180°, diminished by the sum of the four refractions, 
whence the sura of the four refractions was obtained ; 
and from the law of therariation of refraction determined 
by theory, he assigned the quantity due to each altitude 
(N. 186). The mean horizontal refraction is about 
36' 6", and at the height of forty-five degrees it is 58"*36. 
The effect of refraction upon the same star above aud 
n2 
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below the pole was noticed by Alhazen, a Saracen 
astronomer of Spain, in the ninth century, but its exis- 
tence was known to Ptolemy in the second, though he 
was ignorant of its quantity. 

The refraction of a terrestrial object is estimated dif- 
ferently from that of a celestial body. It is measured 
by the angle contained between the tangent to the 
cufvilineal path of the ray where it meets the eye, and 
the straight line joining the eye and the object (N. 187). 
Near the earth* s suiface the path of the ray may ble 
ETupposed to be circular ; and the angle at the center of 
the earth corresponding to this path is called the hori- 
zontal angle. The quantity' of terrestrial refraction is 
obtained by measuring contemporaneously the elevation 
of the top of a mountain above a point in the plain at its 
base, and the depression of that point below the top of 
the mountain. The distance between these two sta- 
tions is the chord of the horizontal angle ; and it is easy 
to prove that double the refraction is equal to the 
horizontal angle, increased by the difference between 
the apparent elevation and the apparent depression. 
Whence it appears that in the mean state of the atmos- 

Ehere, the refraction is about the fourteenth part of the 
orizontal angle. 

Some very singular appearances occur from the acci- 
dental expansion or condensation of the strata of the 
atmosphere contiguous to the surface of the earth, by 
which distant objects, instead of being elevated, are de- 
pressed. Sometimes being at once both elevated and 
depressed they appear double, one of the images being 
direct, and the other inverted. In consequence of the 
upper edges of the sun and moon being less refracted 
than the lower, they often appear to be oval when near 
the horizon. The looming also or elevation of coasts, 
mountains, and ships, when viewed across the sea, 
arises from unusual refraction. A friend of the au- 
thor, while standing on the plains of Hindostan, saw 
the whole upper chain of the Htmalaya mountains start 
into view, from a sudden change in the density of the 
air, occasioned by a heavy shower after a very long 
course of dry and hot weather. Single and double im- 
ages of objects at sea, arising from sudden changes of 
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temperature which are not so soon communicated to the 
water on account of its density as to the air, occur more 
rarely and are of shorter duration than similar appear- 
ances on land. In 1818, Captain Scoresby, whose ob- 
servations on the phenomena of the polar seas are so 
valuable, recognized his father's ship by its inverted 
image in the air, although the vessel itself was below 
the horizon. He afterward found that she was seven- 
teen ^iles beyond the horizon, and thirty miles distant. 
Two images are sometimes seen suspended in the air 
over a ship, one direct and the other inverted, with their 
topmasts or their hulls meeting, according as the in- 
verted image is above or below the direct image (N. 188). 
Dr. Wollaston has proved that these appearances are 
owing to the refraction of the rays through media of 
different densities, by the veiy simple experiment of 
looking along a red-hot poker at a distant object. Two 
unages are seen, one direct and another inverted, in 
consequence of the change induced by the heat in the 
density of the adjacent air. He produced the same 
effect by a saline or saccharine solution with water and 
sfnrit of wine floating upon it (N. 189). 

Many of the phenomena that have been ascribed to 
extraordinary refi'action seem to be occasioned by a 
partial or total reflection of the rays of light at the sur- 
feces of strata of different densities (N. 184). It is well 
known that when light falls obliquely upon the external 
sorfiace of a transparent medium, as on a plate of glass 
or stratum of air, one portion is reflected and the other 
transmitted. But whan light falls very obliquely upon 
the internal surface, the whole is reflected and not a 
ray is transmitted. In all cases the angles made by 
the incident and reflected rays with a perpendicular to 
the surface being equal, as the brightness of the re- 
flected image depends on the quantity of light, those 
arising from total reflection must be by far the most 
vivid. The delusive appearance of water, so well 
known to African travelers and to the Arab of the des- 
ert as the Lake of the Gazelles, is ascribed to the re- 
flection which takes place between strata of air of dif- 
ferent densities, owing to radiation of heat from the 
arid sandy plains. The mirage described by Captun 



152 EXTRAORDINARY REFLECTION. Bbct. XVQL 

Mundy in his Journal of a Tour in India probably 
arises from this cause. A deep precipitous valley b^ 
low us, at the bottom of which I had seen one or two 
miserable villages in the morning, bore in the evening a 
complete resemblance to a beautiful lake; the vapor 
which played the part of water ascending nearly half 
way up the sides of the vale, and on its bright surface 
trees and rocks being distinctly reflected. I had not 
been long contemplating this phenomenon, before a 
sudden storm came on and dropped a curtain of clouds 
over the scene." 

An occurrence which happened on the 18th of No- 
vember, 1804, was probably produced by reflection. 
Dr. Buchan, while watching the rising sun from the 
clifl' about a mile to the east of Brighton, at the instant 
the solar disc emerged from the surface of the ocean, 
saw the clifl^ on winch he was standing, a windmill, his 
own figure and that of a friend, depicted immediately 
opposite to him on. the sea. This appearance lasted 
about ten minutes, till the sun had risen nearly his own 
diameter above the surface of the waves. The whole 
then seemed to be elevated into the air and successively 
vanished. The rays of the sun fell upon the clifl^ at an 
incidence of 73° from the perpendicular, and the sea 
was covered with a dense fog many yards in height 
which gradually receded before the rising sun. When 
extraordinary refraction takes place laterally, the strata 
of variable density are perpendicular to the horizon, 
and if combined with vertical refraction, the objects 
are magnified as when seen through^ telescope. From 
this cause, on the 26th of July, 1798, the cliflfs of 
Frsince, fifty miles off, were seen as distinctly from 
Hastings as if they had been close at hand ; and even 
Dieppe was said to have been visible in the afternoon. 

The sti-atum of air in the horizon is so much thicker 
and more dense than the stratum in the vertical, that 
the sun's light is diminished 1300 times in passing 
through it, which enables us to look at him when setting 
without being dazzled. The loss of light and conse- 
quently of heat by the absorbing power of the atmos- 
phere, increases with the obliquity of incidence. Of 
ten thousand rays falling on its surfiace, 8123 arrive at a 
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given point of the earth if they fall perpendicularly ; 
7024 arrive, if the angle of direction be fifty degrees ; 
2831, if it be seven degrees ; and only five rays will 
arrive through a horizontal stratum. Since so great a 
quantity of light b lost in passing through the atmos- 
phere, many celestial objects may be altogether invisible 
from die plain, which may be seen from elevated situ- 
ations. Diminished splendor, and the false estimate 
we make of distance from the number of intervening 
objects, lead us to suppose the sun and moon to be 
much larger when in the horizon than at any other al- 
titude, though their apparent diameters are then some- 
what less. Instead of the sudden transitions of light 
and darkness, the reflective power of the air adorns na- 
ture with the rosy and golden hues of the Aurora and 
twilight. Even when the sun is eighteen degrees be- 
low Sie horizon, a sufficient portion of light remains to 
show, that at the height ef tiiirty miles it is still dense 
enough to reflect light. The atmosphere scatters the 
sun's rays, and gives all the beautiful tints and cheerful- 
ness of day. It transmits the blue light in greatest 
abundance ; the higher we ascend, the sky assumes a 
deeper hue ; but in the expanse of space, the sun and 
stars must appear like brilliant specks in profound 
blackness. 
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It is impossible thus to trace the path of a sunbeam 
through our atmosphere without feeling a desire to 
know its nature, by what power it traverses the immen- 
sity of space, and the various modifications it undergoes 
at the surfaces and in the interior of terrestrial sub- 
stances. 

Sir Isaac Newton proved the compound nature of 
white light as emitted from the sun, by passing a sun- 
beam through a glass prism (N. 190), which separating 
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the rays by refraction, formed a spectrum or obloDg 
image of the sun, consisting of seven colors, red, orange^ 
yellow, green, blue, indigo, and violet ; of which nio 
red is the least refrangible and the violet the most. But 
when he reunited these seven rays by means of a lenSi 
the compound beam became pure white as before. He 
insulated each colored ray; and finding that it was no 
longer oapable of decomposition by refraction, concluded 
that white light consists of seven kinds of homogeneous 
light, and that to the same color the same refrangibility 
ever bebngs, and to the same refrangibility the same 
color. Since the discovery of absorbent media, how- 
ever, it appears that this is not the constitution of the 
solar spectrum. 

We know of no substance that is either perfedty 
opaque or perfectly transparent. Even gold may be 
beaten so thin as to be pervious to light. On the con- 
trary, the clearest crystal, the purest air or water, stops 
or absorbs its rays when transmitted, and gradually ex- 
tinguishes them as they penetrate to greater depths. 
On this account objects cannot be seen at the bottom of 
veiy deep water, and many more stars are visible to tiie 
naked eye fram the tops of mountains than from the 
valleys. The quantity of light that is incident on any 
transparent substance is always greater than the sum ci 
the reflected and refracted rays. A small quantity is 
irregularly reflected in all directions by the imperfec- 
tions of the polish by which we are enabled to see the 
surface ; but a much greater portion is absorbed by the 
body. Bodies that reflect all the i*ays appear white, 
those that absorb them all seem bl&x;k ; but most stib- 
stances, after decomposing the white light which falls 
upon them, reflect some colors and absorb the rest. A 
violet reflects the violet rays alone, and absorbs the 
others. Scarlet cloth absorbs almost all the colors ex- 
cept red. Yellow cloth reflects the yellow rays most 
abundantly, and blue cloth those that are blue. Con- 
sequently color is not a property of matter, but arises 
from the action of matter upon light. Thus a white 
riband reflects all the rays, but when dyed red the par- 
ticles of the silk acquire the property of reflecting the 
red rays most abundantly and of absorbing the others. 
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Upon this property of unequal absorption, the colors of 
transparent media depend. For they also receive their 
color from their power of stopping or absorbing some of 
the colors of white light and transmitting others. As 
for example, black and red inks, though equally homo- 
geneous, absorb different kinds of rays ; and when ex- 
posed to the sun, they become heated in different de- 
grees; while pure water seems to transmit all rays 
equally, and is not sensibly heated by the passing light 
of the sun. The rich dark light transmitted by a smalt- 
blue finger-glass is not a homogeneous color like the 
blue or indigo of the spectrum, but is a mixture of all 
the colors of white light which the glass has not ab- 
sorbed. The colors absorbed are such as mixed with 
the blue tint would form white light. When the spec- 
trum of seven colors is viewed Uirough a thin plate of 
this glass they are all visible; and when the plate is 
▼ery thick, every color is absorbed between the extreme 
red and the extreme violet, the interval being perfectly 
black : but if the spectrum be viewed through a certain 
thickness of the glass intermediate between the two, it 
will be found that the middle of the red space, the whole 
of the orange, a great part of the green, a considerable 
part of the blue, a little of the indigo, and a very little 
of the violet, vanish, being absorbed by the blue glass : 
and that the yellow rays occupy a larger space, cover- 
ing part of that formerly occupied by the orange on one 
side, and by the green on the other. So that the blue 
glass absorbs the red light, which vvhen mixed with the 
yellow constitutes orange ; and also absorbs the blue 
hght, which when mixed with the yellow forms the 
part of the green space next to the yellow. Hence hy 
absorption, green light is decomposed into yellow and 
blue, and orange light into yellow and red. Conse- 
quently the orange and green rays, though uacapable of 
decomposition by refraction, can be resolved by absorp- 
tion, and actually consist of two different colors possess- 
ing the same degree of refrangibility. Difference of 
color, therefore, is not a test of difference of refrangi- 
bility, and the conclusion deduced by Newton is no 
longer admissible as a general truth. By this analysis 
of the spectrum, not only with blue glass, but with a 
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variety of colored media, Sir David Brevirster, so justly 
celebrated for his optical discoveries, has proved tlu^ 
the solar spectrum consists of three primary colors, red, 
yeUowr, and blue, each of which exists throughout its 
whole extent, but with different degrees of intensity i|i 
different parts ; and that the superposition of these three 
produces all the seven hues according as each primaiy 
cblor is an excess or defect Since a certain portion of 
red, yellow, and blue rays constitute white light, the 
color of any point of the spectrum may be considered 
as consisting of the predominating color at that point 
mixed with white light. Consequently, by absorbing 
the excess of any color at any point of the spectrum 
above what is necessary to form white light, such white 
light will appear at tibat point as never mortal eye 
looked upon before this experiment, since it possesses 
the remarkable property of remaining the same after 
any number of refractions, and of being capable of de- 
composition by absorption alone. 

In addition to the seven colors of the Newtonian spec- 
trum. Sir John Herschel has discovered a set of very 
dark red rays beyond the red extremity of the spec- 
trum, which can only be seen when the eye is defended 
from the glare of the other colors by a dark blue cobalt 
glass. He has also found that beyond the extreme 
violet there are visible rays of a lavender gray color, 
which may be seen by throwing the spectrum on a 
sheet of paper moistened by the carbonate of soda. 
The illuminating power of the different rays of the spec- 
trum varies with the color. The most intense light is 
in the mean yellow ray. 

"When the prism is very perfect and the sunbeam 
small, so that the spectnim may be received on a sheet 
of white paper in its utmost state of purity, it presents 
the appearance of a riband shaded with all the prismatic 
colors, having its breadth irregularly striped or subdi- 
vided by an indefinite number of dark, and sometimes 
black, lines. The greater number of these rayless lines 
are so extremely narrow that it is impossible to see 
them in ordinary circumstances. The best method is 
to receive the spectrum on the object glass of a tele- 
scope, so as to magnify them sufficiently to render them 
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visible. This experiment may also be made, bat in an 
imperfect manner, by viewing a narrow slit between two 
nearly closed window-shutters through a very excellent 
glass prism held close to the eye, with its refracting 
angle parallel to the line of light. The rayless lines in 
the red portion of the spectrum become most visible as 
the sun approaches the horizon, while those in the blue 
extremity are most obvious in the middle of the day. 
When the spectrum is formed by the 8un*s rays, either 
direct or indirect — as from the sky, clouds, rainbow, moon, 
or planets— ^he black bands are always found to be in 
the same parts of the spectrum, and under all circum- 
stances to maintain the same relative positions, breadths, 
and intensities. Similar dark lines are also seen in the 
Ught of the stars, in the electric light, and in the flame 
of combustible substances, though differently arranged, 
each star and each flame having a system of dark lines 
peculiar to itself, which remains the same under every 
eircu^listance. Dr. WoUaston and M. Fraunhofer of 
Munich discovered these lines deficient of rays inde- 
pendently of each other. M. Fraunhofer found that 
their number extends to nearly six hundred. There are 
bright lines in the solar spectrum which also maintain a 
fixed position. Among the dark lines, M. Fraunhofer 
selected seven of the most remarkable, and determined 
their distances so accurately, that they now form stand- 
ard and invariable points of reference for measuring the 
refractive powers of different media on the rays of light, 
which renders this department of optics as exact as any 
of the physical sciences. These lines are designated 
by the letters of the alphabet, beginning with a, which 
is in the red near the end of the spectrum ; c is farther 
advanced in the red ; d is in the orange ; e, in the 
green ; f, in the blue ; o, m the indigo ; and h, in the 
violet. By means of these fixed points, M. Fraunhofer 
has ascertained from prismatic observation the refrangi- 
bility of seven of the principal rays in each of ten differ- 
ent substances'solid and liquid. The refraction increased 
in all from the red to the violet end of the spectrum ; 
but so irregularly for each ray and in each medium, that 
no law could be discovered. The rays that are wanting 
in the solar spectrum which occasion the dark lines, 
O 
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were supposed to be absorbed by the atanosphere of the 
sun. If they were absorbed by the earth's atmosphere, 
the very same rays would be wanting in the spectra 
from the light of the fixed stars, which is not the case ; 
for it has &eady been stated that the position of the 
dark lines is not the same in spectra from starlight and 
from the light of the sun. The solar rays reflected 
from the moon and planets would most likely be mod- 
ified also by their atmospheres, but they are not ; for 
the dark lines have precisely the same positions in the 
spectra, from the direct and reflected Ught of the sun. 
But the annular eclipse which happened on the 15th of 
May, 1836, afforded Professor Forbes the means of 
proving that the dark lines in question cannot be attrib- 
uted to the absorption of the solar atmosphere ; they 
were neither bi*onder nor more numerous in the spec- 
trum formed during that phenomenon than at any othev 
time, though the rays came only from the circumference 
of the sun's disc, and consequently had to traverse a 
greater depth of his atmosphere. We are therefore 
still ignorant of the cause of these rayless bands. 

A sunbeam received on a screen, after passing through 
a small round hole in a window-shutter, appears like a 
round white spot ; but when a prism is interposed, the 
beam no longer occupies the same space. It is separa- 
ted into the prismatic colors, and spread over a line of 
considerable length, while its breadth remains the same 
with that of the white spot. The act of spreading or 
separation is called the dispersion of the colored rays. 
Dispersion always takes place in the plane of refraction, 
and is greater as the angle of incidence is greater. It 
varies inversely as the length of a wave of light, and 
directly as its velocity : hence toward the blue end of 
the spectrum, where the undulations of the rays are 
least, the dispersion is greatest. Substances have very 
different dispersive powers; that is to say the spectra 
formed by two equal prisms of different substances under 
precisely the same circumstances, are of different 
lengths. Thus, if a prism of flint glass and one of crown 
glass of equal refracting angles be presented to two rays 
of white light at equal angles, it will be found, that the 
space over whicli the colored rays are dispersed by the 
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flint glass is much greater than the space occupied by 
that produced by the crown glass ; and as the quantity 
of dispersion depends upon Sie refracting angle of the 
prisna, the angles of the two prisms may be made such, 
that when the prisms are placed close together with their 
edges turned opposite ways, they will exactly oppose 
each other^s action, and will refract the colored rays 
equally but in contrary directions, so that an exact com- 
pensation will be effected, and the light will be refracted 
without color (N. 191). The achromatic telescope is 
constructed on this principle. It consists of a tube with 
an object glass or lens at one end to bring the rays to a 
focus and form an image of the distant object, and a 
magnifying glass at the other end to view the image 
thus formed. Now it is found that the object-glass, 
instead of making the rays converge to one point, dis- 
perses them, and gives a confused and colored image : 
but by constructing it of two lenses in contact, one of 
flint and the other of crown glass of certain forms and 
proportions, the dispersion is counteracted, and a per- 
fectly well defined and colorless image of the object is 
formed (N. 192). It was thought to be impossible to 
produce refraction without color, till Mr. Hall, a gentle- 
man of Worcestershire, constructed a telescope on this 
principle in the year 1733 ; and twenty-five years after- 
ward, the achromatic telescope was brought to perfec- 
tion by Mr. DoUond, a celebrated optician in London. 

A perfectly homogeneous color is very rarely to be 
found, but the tints of all substances are most brilliant 
when viewed in light of their own color. The red of a 
wafer is much more vivid in red than in white light; 
whereas if placed in homogeneous yellow light, it can 
no longer appear red, because there is not a ray of red 
in the yellow light. Were it not that the wafer, like all 
other bodies, whether colored or not, reflects white light 
at its outer surface, it would appear absolutely black 
when placed in yellow light- 
After looking steadily for a short time at a coloi-ed 
object, such as a red wafer, on turning the eyes to a 
white substance, a green image of the wafer appears, 
which is called the accidental color of red. All tints 
have their accidental colors : — thus the accidental color 
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of orange is blue ; that of yellow is indigo ; of green, 
reddish-white ; of blue, orange-red ; of violet, yellow ; 
and of white, black ; and met versd. When tiie' direct 
and accidental colors are of the same intensity, the acci- 
dental is then called the complementary color, because 
any two colors are said to be complementary to one an- 
other which produce white when combined. 

From recent experiments by M. Plateau of Brussels, 
it appears that two complementary colors from du*ect 
impression, which would produce white when combined, 
produce black, or extinguish one another by their union, 
when accidental ; and Siao that the combination of all the 
tints of the solar spectrum produces white light if they 
be from a direct impression on the eye, whereas black- 
ness results from a union of the same tints if they be 
accidental ; and in every case where the real colors pro- 
duce white by their combination, the accidental colors 
of the same tints produce black. When the image of 
an object is impressed on the retina only for a few mo- 
ments, the picture left is exactly of the same color with 
the object, but in an extremely short time the picture 
is succeeded by the accidental image. M. Plateau at- 
tributes this phenomenon to a reaction of the retina after 
being excited by direct vision, so that the accidental im- 
pression is of an opposite nature to the corresponding 
direct impression. He conceives, that when the eye is 
excited by being fixed for a time on a colored object, and 
then withdrawn from the excitement, that it endeavors 
to return to its state of repose, but in so doing that it 
passes this point and spontaneously assumes an opposite 
condition, like a spring, which, bent in one direction, in 
returning to its state of rest bends as much the contrary 
way. The accidental image thus rfesults from a partic- 
ular modification of the organ of sight, in virtue of which 
it spontaneously gives us a new sensation after it has 
been excited by direct vision. If the prevailing impres- 
sion be a very strong white light, its accidental image is 
not black, but a variety of colors in succession. Accord- 
ing to M. Plateau, the retina offers a resistance to the 
action of light, which increases with the duration of this 
action ; whence, after looking intently at an object for a 
loug time, it appears to decrease in brilliancy. The im- 
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agination has a powerful influence on our optical impres- 
sions, and has been known to revive the images of highly 
himmous objects months, and even years, afterward. 
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Newton and most of his immediate successors imag- 
ined light to be a material substance, emitted by all seS*- 
luminous bodies in extremely minute particles, moving 
in straight lines with prodigious velocity, which, by im- 
innging upon the optic nerves, produce the sensation of 
light. Many of tiie observed phenomena have been ex- 
phdned by this theory ; it is, however, totaUy inadequate 
to account for the following circumstances. 

When two equal rays of red light, proceeding from 
two luminous points, &11 upon a sheet of white paper in 
a dark room, they produce a red spot on it, which will 
be twice as bra^t as either ray would produce singly, 
provided the difference in the lengths of the two'beams, 
from the luminous points to the red spot on the paper, 
be exactly the 0*0000258th part of an inch. The same 
effect will take place if the difference in the lengths be 
twice, three times, four times, &c. that quantity. But 
if the difference in the lengths of the two rays be equal 
to one-half of the 0'0000258th part of an inch, or to its 
1 i, 2|, 3|, &c. part, the one light will entirely extinguish 
the other, and will produce absolute darkness on the 
paper where the united beams fall. If the difference 
in the lengths of their paths be equal to the 1 j, 2|, 3|, 
&c. of the 0-0000258th part of an mch, the red spot 
arising from the combined beams will be of the same 
intensity which one alone would produce. If violet light 
be employed, the difference in the lengths- of the two 
beams must be equal to the 0*0000157th part of an inch 
in order to produce the same phenomena ; and for the 
other colors, the difference must be intermediate be- 
ll o3 



162 INTBRFEBENCE OF hBSBT. Sbot. 30. 

tween the 0*0000258th and the 0*0000157th pait^of an 
inch. Similar phenomena may be seen by viewing die 
flame of a candle through two very fine slits in a card 
extremely near to one another (N. 193) ; or by admitting 
the sun^s light into a dark room througn a pin-hole about 
the fortieth of an inch in diameter, receiving the image 
on a sheet of white paper, and holding a slender wire in 
the light. Its shadow will be found to consist of a bri^t 
white bar or stripe in the middle, with a series of alter- 
nate black and brightly colored stripes on each side. The 
rays which bend round the wire in two streams are of 
equal lengths in the middle stripe; it is consequently 
doubly br^t from their combined effect ; but the rays 
which fall on the paper on each side of the bright stripe, 
being of such unequal lengths as to destroy one another, 
form black lines. On each side of these black lines the 
rays are again of such lengths as to combine to form hrig^ 
stripes, and so on alternately till the light is too faint to be 
visible* When any homogeneous li^t is used, such as 
red, the alternations are only black and red ; but on ac- 
count of the heterogeneous nature of white lig^t, the 
black lines alternate with vivid stripes or fringes of pris^ 
matic colors, arising from the superposition of systems 
of alternate black lines and lines of each homiogeneous 
color. That the alternation of black lines and colored 
fringes actuaUy does arise from the mixture of the two 
streams of light which flow round the wire, is proved by 
their vanishing the instant one of the streams is inter- 
rupted. It may therefore be concluded, as often as 
these stripes of light and darkness occur, that they are 
owing to the rays combining at certain intervals to pro- 
duce a joint effect, and at others to extinguish one 
another. Now it is contrary to all our ideas of matter 
to suppose that two particles of it should annihilate one 
another under any circumstances whatever ; while on 
the contrary, two opposing motions may, and it is im- 
possible not to be struck with the perfect similarity be- 
tween the interferences of small undulations of air or of 
water and the preceding phenomena. The analogy is 
indeed so perfect, that philosophers of the highest au- 
tihority concur in the supposition that the celestid regions 
are filled with an extremely rare, imponderable, and 
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highly elastic medium or ether, whose particles are ca- 
psble of receiving the vibrations communicated to them 
by self-luminous bodies, and of transmitting them to the 
optic nerves, so as to produce the sensation of light. 
The acceleration in the mean motion of Encke^s comet, 
as well as of the comet discovered by M. Biela, renders 
the existence of such a medium almost certain. It is 
clear that in this hypothesis, the alternate stripes of 
light and darkness are entirely tiie effect of the interfe- 
rence of the undulations; for by actual measurement, 
the length of a wave of the mean red rays of the solar 
spectrum is equal to the 0*0000258th part of an inch ; 
consequently, when the elevation of the waves combine, 
they produce double the intensity of light that each 
would do singly ; and when half a wave combines with 
a whole, — that is, when the hollow of one wave is filled 
up by the elevation of another, darkness is the result. 
At intermediate points between these extremes, the in- 
tensity of the light corresponds to intermediate differ- 
ences in the lengths of the rays. 

The theoiy of interferences is a particular case of the 
general mechanical law of the superposition of small 
motions ; whence it appears that tiie disturbance of a 
particle of an elastic medium, produced by two coexis- 
tent undulations, is the sum of the disturbances which 
each undulation would produce separately; conse- 
quently, tiie particle will move in the diagonal of a par- 
allelo^tim, whose sides are the two undulations. If, 
therefore, the two undulations agree in direction, or 
nearly so, the resulting motion will be very nearly equal 
to their sum, and in the same direction : if they nearly 
oppose one another, the resulting motion will be nearly 
equal to their difference ; and if the undulations be equal 
and opposite, the resultant will be zero, and the particle 
will remain at rest. 

The preceding experiments, and the inferences de- 
duced from them, which have led to the establishment 
of the doctrine of the undulations of light, are the most 
splendid memorials of our illustrious countryman Dr. 
Thomas Young, though Huygens was the first to origi- 
nate the idea. 

It is supposed that the particles of luminous bodies 
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are in a state of perpetual agitation, and that they pos- 
sess the property of exciting regular vibrations in the 
ethereal medium, corresponding to the vibrations of their 
own molecules ; and that, on account of its elastic nature, 
one particle of the ether when set in motion communi- 
cates its vibrations to those adjacent, which in succession 
transmit them to those farther off ; so that the primi- 
tive impulse is transferred from particle to particle, and 
the undulating motion darts through ether Kke a wave 
in w^ter. Although the progressive motion of li^t is 
known by experience to be uniform and in a straight 
line, the vibrations of the particles are always at right 
angles to the direction of the ray. The propagation of 
light is like the spreading of waves in vmter ; hut if one 
ray alone be considered, its motion may be conceived by 
supposing a rope of indefinite length stretched horizon- 
tally, one end of which is held in the hand. If it be 
agitated to and fro at regular intervds, witii a motion 
perpendicular to its length, a series of similar and equal 
tremors oT waves will be propagated along it ; and if the 
regular impulses be given in a variety of planes, as up 
and down, from right to left, and also in oblique direc- 
tions, the successive undulations will take place in every 
possible plane. An analogous motion in the ether, 
when communicated to the optic nerves, would produce 
the sensation of common light. It is evident that the 
waves which flow from end to end of the cord in a ser- 
pentine form, are altogether different from the perpen- 
dicular vibratory motion of each particle of the rope, 
which never deviates far from a state of rest. So in 
ether, each particle vibrates perpendicularly to the di- 
rection of the ray ; but these vibrations are totally dif- 
ferent from, and independent of, the undulations which 
are traiismitted through it, in the same manner as the 
vibrations of each particular ear of com are independent 
of the vraves that rush from end to end of a harvest field 
when agitated by the wind. 

The intensity of light depends upon the amplitude or 
extent of the vibrations of the particles of ether ; while 
its color depends upon their frequency. The time of 
the vibration of a particle of other is by theory, as the 
length of a wave directly, and inversely as its velocity. 
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Now, as the velocity of light is known to be 190,000 
miles in- a second, if the length of the waves of the dif- 
ferent colored rays could be measured, the number of 
vibrations in a second corresponding to each could be 
cpmputed ; that has been accomplished as follows : — 
All transparent substances of a certain thickness, with 
parallel surfaces, reflect and transmit white light ; but 
if they be extremely thin, both the reflected and trans- 
mitted light is colored. The vivid hues on soap-bubbles, 
the iridescent colors produced by heat on polished steel 
and copper, the fringes of color between the laminae of 
Iceland spar and sulphate of lime, all consist of a suc- 
cession of hues disposed in the same order, totaUy inde- 
pendent of the color of the substance, and determined 
solely by its greater or less thickness, a circumstance 
which affords the means of ascertaining the length of 
the waves of each colored ray, and the frequency of the 
vibrations of the particles producing them. If a plate of 
glass be laid upon a lens of almost imperceptible curva- 
ture, before an open window ; when they are pressed to- 
gether a black spot will be seen in the point of contact, 
surrounded by seven rings of vivid colors, all differing 
from one anodier (N. 194). In the first ring, estimated 
from the black spot, the colors succeed each other in the 
following order : — black, very faint blue, brilliant white, 
yellow, orange, and red. They are quite different in 
the other rings, and in the seventh the only colors are 
pale bluish-green and very pale pink. That these rings 
are formed between the two surfaces in apparent con- 
tact may be proved by laying a prism on the lens, in- 
stead of the plate of glass, and viewing the rings through 
the inclined side of it that is next to the eye, which ar- 
rangement prevents the light reflected from the upper 
surface mixing with that from the surfaces in contact, so 
that the intervals betwieen the rings appear perfectly 
b]ack,-^ne of the strongest circumstances in favor of 
the undulatory theory ; for' although the phenomena of 
ihe rings can be explained by either hypothesis, there 
is this material difference, that according to the undu- 
latory theory, the intervals between the rings ought to 
be ab^olutely black, which is confirmed by experiment ; 
whereas by the doctrine of emanation they ought to be 
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half illuminated, which is not found to be the case. M. 
Fresnel, whose opinion is of the first authority, thought 
this test conclusive. It may therefore be concluded that 
the rings arise entirely from the interference of the 
rays : the light reflected from each of the sur^Euses in 
apparent contact reaches the eye by paths of different 
lengths, and produces colored and dark rings alternately, 
according as the reflected waves coincide or destroy one 
another. The breadths of the rings are unequal ; they 
decrease in width, and the colors become more crowded, 
as they recede from the center. Colored rings are also 
produced by transmitting light through the same ap- 
paratus ; but the colors are less vivid, and are comple- 
mentary to those reflected, consequently the central spot 
is white. 

The size of the rings increases with the obliquity of 
the incident light ; the same color requiring a greater 
thickness or space between the glasses to produce it tfaoD 
when the light falls perpendicularly upon them. Now 
if the apparatus be placed in homogeneous instead of 
white light, the rings will all be of the same color with 
that of die light employed. That is to say, if the Ught 
be red, the rings will be red divided by black intervals. 
The size of the rings varies vnth the color of the light. 
They are largest in red, and decrease in magnitude with 
the succeeding prismatic colors, being smallest in violet 
light. 

Since one of the glasses is plane and the other spheri- 
cal, it is evident that from the point of contact, the space 
between them gradually increases in thickness all round, 
so that a certain thickness of air corresponds to each 
color, which in the undulatory system measures the length 
of the wave producing it (N. 195). By actual measure- 
ment, Sir Isaac Newton found that the squares of the di- 
ameters of the brightest part of each ring are as the odd 
numbers, 1, 3, 5, 7, &c. ; and that the squares of ^the diam- 
eters of the darkest parts are as the even numbers, 0, 2, 4, 
6, &c. Consequently the intervals between the glasses 
at these points are in the same proportion. If, then, 
the thickness of the air corresponding to any one color 
could be found, its thickness for all the others would be 
known. Now as Sir Isaac Newton knew the radius of 
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curvature of the lens, and the nctual breadth of the 
rings in parts of an inch, it was easy to compute that 
the thickness of wr at the darkest part of the first ring 
is the gfljflft part of an inch, whence all the others have 
been deduced. As these intervals determine the length 
of the waves on the undulatory hypothesis, it appears 
that the length of a wave of the extreme red of the 
solar spectrum is equal to the 0'0000266th part of an 
inch ; that the length of a wave of tiie extreme violet is 
equal to the 0*00001 67th part of an inch; and as die 
time of a vibration of a particle of ether producing any 
jparticular color is directly as the length of a wave of that 
color, and inversely as the velocity of light, it follows 
that the molecules of ether producing the extreme red 
of the solar spectrum perform 458 millions of millions 
of vibrations in a second ; and that those producing the 
extreme violet accomplish 727 millions of millions of 
vibrations in the same time. The lengths of the waves 
of the intermediate colors, and the number of their 
vibrations, being intermediate between these two, white 
iight, which consists of all the colors, is consequently 
a mixture of waves of all lengths between the limits of 
the extreme red and violet. The determination of these 
minute portions of time and space, both of which have 
a real existence, being the actual results of measure- 
ment, do as much honor to the genius of Newton as 
that of the law of gravitation. 

The phenomenon of the colored rings takes place in 
vacuo as weU as in air ; which proves that it is the dis- 
tance between the lenses alone, and not the air, which 
produces the colors. However, if water or oil be put 
between them, the rings contract, but no other change 
ensues ; and Newton found that the thickness of differ- 
ent media at which a given tint is seen, is in the inverse 
ratio of their refractive indices, so that the thickness of 
laminae which could not otherwise be measured, may be 
known by their color; and as the position of the colors 
in the rings is invariable, they form a fixed standard of 
comparison well known as Newton's scale of colors; 
each tint being estimated according to the ring to which 
it belongs from the central spot inclusively. Not only 
the periodical colors which have been described, but the 
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cobrs seen in thick plates of transparent substances, the 
variable hues of feathers, of insects' wings, mother of 
pearl, and of striated substances, all depend upon the same 
principle. To these may be added the colored fringes, 
surrounding the shadows of all bodies held in an ex- 
tremely small beam of light, and the colored rings sur- 
rounding the small beam itself when received on a 
screen. 

When a very slender sunbeam* passing tjirongh a 
small pin-hole into a dark room is received on a white 
screen, or plate of ground glass, at the distance of a litfle 
more than six feet, the spot of light on the screen is 
larger than the pin-hole ; and instead of being bounded 
by shadow, it is surrounded by a series of colored rings 
separated by obscure intervals. The rings are more 
distinct in proportion to the smallness of t£e beam (N. 
196). When the light is white, there are seven ringsj 
which dilate or contract with the distance of the screen 
from the hole. As the distance of the screen dimin- 
ishes, the white central spot contracts to a point and 
vanishes; and on approaching still nearer, the rings 
gradually close in upon it, so that the center assumes 
successively the most intense and vivid hues. When 
the light is homogeneous, red, for example, the rings 
are alternately red and black, and more numerous : and 
their breadth varies with the color, being broadest in red 
light and narrowest in violet. The tints of the colored 
fringes from white light, and their obliteration after the 
seventh ring, arise from the superposition of the differ- 
ent sets of fringes of all the colored rays. The shadows 
of objects are also bordered by colored fringes when 
held in this slender beam of light. If the edge of a 
knife or a hair, for example, be held in it, the rays, in- 
stead of proceeding in straight lines past its edge, are 
bent when quite close to it, and proceed from thence to 
the screen in curved lines called hyperbolas ; so that the 
shadow of the object is enlarged ; and instead of being 
at once bounded by light, is surrounded or edged with 
colored fringes alternating with black bands, which are 
more distinct the smaller the pin-hole (N. 197). The 
fringes are altogether independent of the form or density 
of the object, being the same when it is round or pointed, 
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when of glass or platina. When the rays which form 
the fringes arrive at the screen, they are of different 
lengths, in consequence of the curved path they follow 
after nassing the edge of the object. The waves are 
therefore in different phases or states of vibration, and 
either conspire to form colored ^nges or destroy one 
another in the obscure intervals, llie colored fringes 
bordering the shadows of objects were first described by 
Grimaldi in 1665; but besides these ho noticed that 
there are others within the shadows of slender bodies 
exposed to a small sunbeam, a phenomenon which has 
already been mentioned to have afforded X>r. Young the 
means of proving beyond all controversy, that colored 
rings are produced by the interference of light. 

It may be concluded, that material substances derive 
their colors from two different causes : some from the 
law of interference, such as iridescent metals, pelu;ocks' 
feathers, dec.; others f^om the unequal absorption of 
the rays of white light, such as vermilion, ultramarine, 
blue, or green cloth, flowers, and the greater number of 
colored bodies. The latter phenomena have been con- 
sidered extremely difficult to reconcile with the undula- 
tory theory of light, and much discussion has arisen as 
to what becomes of the absorbed rays. But that em- 
barrassing question has been ably answered by Sir John 
Herschel in a most profound paper. On the Absorption 
of Light by colored Media, and cannot be better given 
than in his own words. It must however be premised, 
that as all transparent bodies are traversed by light, 
they are presumed to be permeable to the ether. He 
says, " Now, as regards only the general fact of the ob- 
struction and ultimate extinction of light in its passage 
through gross media, if we compare the corpuscular and 
undiilatory theories, we shall find that the former ap- 
peials to our ignorance, the latter to our knowledge, ror 
its explanation of the absorptive phenomena. In at- 
tempting to explain the extinction of light on the corpus- 
cular doctrine, we have to account for the light so extin- 
guished as a material body, which we must not suppose 
annihilated. It may however be transformed; and 
among the imponderable agents, heat, electricity, &c«, 
it may be that we are to search for the light which has 
P 
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become thus comparatively stagnant. The headng 
power of the solar rays gives a primd fade plausibility 
to the idea of the transformation of light into heat by 
absorption. But when we come to examine the matter 
more nearly, we find it encumbered on all sides with 
difficulties. How is it, for instance, that the most lu- 
minous rays are not the most calorific ; but that on the 
contrary, the calorific energy accompanies, in its great- 
est intensity, rays which possess comparatively feeble 
illuminating powers ? These and other questions of a 
similar nature may perhaps admit of answer in a more 
advanced state of our knowledge ; but at present there 
is none obvious. It is not without reason, therefore, 
that the question *• What becomes of light ?' which ap- 
pears to have been agitated among the photologists of 
the last century, has been regarded as one of consider- 
able iiftportance as well as obscurity by the corpuscular 
philosophers. On the other hand, the answer to this 
question, afforded by the undulatory theory of light, is 
simple and distinct. The question, * What becomes of 
light ?' merges in the more general one, * What becomes 
of motion ? ' And the answer, on dynamical principles, 
is, that it continues forever. No motion b, strictly 
speaking, annihilated ; but it may be divided, and the 
divided parts made to oppose and, in effect, destroy one 
another. A body struck, however perfectly elastic, 
vibrates for a time, and then appeal's to sink into its 
original repose. But this apparent rest (even abstract- 
ing from the inquiry that part of the motion which may 
be conveyed away by the ambient air) is nothing else 
than a state of subdivided and mutually desti'oying mo- 
tion, in which every molecule continues to be agitated 
by an indefinite multitude of internally reflected waves, 
propagated through it in every possible direction, from 
every point in its surface on which they successively 
impinge. The superposition of such waves will, it is 
easily seen, at length operate their mutual destruction, 
which will be the more complete the more irregular the 
figure of the body, and the greater the number of inter- 
nal reflections." Thus Sir John Herschel, by referring 
the absorption of light to the subdivision and mutuid 
destruction of the vibrations of ether in the interior of 
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bodies, brings another class of phenomena under the 
laws of the undulatory theoiy. 

The ethereal medium pervading space is supposed to 
penetrate ail material substances, occupying the inter- 
stices between their molecules; but in the interior of 
refracting media it exists in a state of less elasticity 
compared with its density in vacuo; and the more 
refractive the medium, the less the elasticity of the 
ether within it. Hence the waves of light are trans- 
mitted with less velocity in such media as glass and 
water than in the external ether. As soon as a ray of 
light reaches the surface of a diaphanous reflecting sub- 
stance, for example a plate of glass, it communicates its 
undulations to the ether next in contact with the surface, 
which thus becomes a new center of motion, and two 
hemispherical waves are propagated from each point <tf 
this surface ; one of which proceeds forward into the 
interior of the glass, with a less velocity than the inci- 
dent waves ; and the other is transmitted back into the 
air, with a velocity equal to that with which -it came 
(N. 198). Thus when refracted, the light moves with 
a different velocity without and within the glass ; when 
reflected, the ray comes and goes with the same ve- 
locity. The particles of ether without the glass, which 
comnmnicate their motions to the particles of the dense 
and less elastic ether within it, are analogous to small 
elastic balls striking large ones ; for some of the motion 
will be communicated to the large balls, and the small 
ones will be reflected. The flrst would cause the 
refracted wave ; and the last the reflected. Conversely, 
when the light passes from glass to air, the action is 
similar to large balls striking small ones. The small 
balls receive a motion which would cause the refracted 
ray, and the part 6t the motion retained by the large 
ones would occasion the reflected wave ; so that when 
light passes tiirough a plate of glass or of any other 
medium differing in density from the air, there is a 
reflection at both surfaces ; but this difference exists 
between the two reflections, that one is caused by a 
vibration in the same direction with that of the incident 
my, and the other by a vibration in the opposite dh-ection. 
A single wave of air or ether would not produce the 
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sensation of sound or light. In order to excite visioii, 
the vibrations of the molecules of ether must be regular, 
pjBriodical, and very often repeated; and as the ear 
continues to be agitated for a short time after the ino- 
pulse by which a£)ne a sound becomes continuona, to 
also the fibres of the retina, according to M* d'Arcet^ 
continue to vibrate for about the eighth part of a seoond, 
after the exciting cause has ceased. Every one must 
have observed, when a strong impression is made by a 
bright light, that an object remains visible for a short 
lime after shutting the eyes, which is supposed to be 
in consequence of the continued vibrations of the fibres 
of the retina. Occasionally the retina becomes insen- 
sible to feebly illuminated objects when continuously 
presented. If the eye be turned aside for a moment, 
the object becomes again visible. It is probably on this 
account that the owl makes so peculiar a motion with 
its head when looking at objects in the twilight. It is 

Suite possible that many vibrations may be excited in 
he ethered medium incapable of producing undulations 
in the fibres of the human retina, which yet have a 
powerful effect on those of other animals or of insects. 
Such may receive luminous impressions of which we 
are totally unconscious, and at the same time they may 
be insensible to the light and colors which affect our 
eyes ; their perceptions beginning where ours end. 
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Polarization of Light — Defined — Polarization by Refraction — Promrtiet of 
the Tourmalino — Double Refraction — All doubly Refracted Xight is 
Polarized — Properties of Iceland Spar — ^Tourmaline absorbs one of the 
two Refracted Ravs— Undulations of Natural Light— Undulations of 
Polarized Light— The Optic Axes of Crystals— M. Fresnel's Discoreries 
on the Rays passing along the Optic Axis— Polarization by Reflection. 

In giving a sketch of the constitution of light, it is 
impossible to omit the extraordinary property of its po- 
larization, "the phenomena of which," Sir John Her- 
schel says, "are so singular and various, that to one 
who has only studied the common branches of physical 
optics it is like (Miti>ring into a new world, so splendid 
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as to render it one of the most delightful branches of 
experimental inquiry, and so fertile in the views it lays 
open of the constitution of natural bodies, and the 
minuter mechanism of the universe, as to place it in the 
very first rank Of the physico-mathematical sciences, 
which it maintaing by the rigorous application of geome- 
trical reasoning its nature admits and requires. 

Ligl^t is said to be polarized, which, by being once 
reflected or refracted, is rendered incapable of being 
again reflected or refracted at certain angles. In gene- 
ral, when a ray of light is reflected from a pane of plate- 
glasf, or any other substance, it may be reflected a 
second time from another surface, and it will also pass 
freely through transparent bodies. But if a ray of light 
be reflected from a pane of plate-glass at an angle of 
57°, it is rendered totally incapable of reflection at the 
sar&ce of another pane of glass in certain definite po- 
sitions, but it will be completely reflected by the second 
pane in other positions. It likewise loses the property 
of penetrating transparent bodies in particular positions, 
wlule it is freely transmitted by them in others. Light 
so modified as to be incapable of reflection and trans- 
mission in certain directions, is said to bo polarized. 
This name was originally adopted from an imaginary 
analogy in the arrangement of the particles of light on 
tiie corpuscular doctrine to the poles of a magnet, and' is 
still retained in the undulatory theory. 

Light may be polarized by reflection from any polished 
surfiice, and the same property is also imparted by re- 
fraction. It is proposed to explain these methods of 
polarizing light, to give a short account of its most re- 
markable properties, and to endeavor to describe a few 
of the splendid phenomena it exhibits. 

If a brown tourmaline, which is a mineral generally 
ciystalized in the form of a long prism, be cut longitu- 
dinally, that is, parallel to the axis of the prism, into 
plates about the thirtieth of an inch in thickness, and 
the sur&ces polished, luminous objects may be seen 
through them, as through plates of colored glass. The 
axis of each plate is in its longitudinal section parallel to 
the axis of the prism whence it was cut (N. 199). If 
one of these plates be held perpendicularly between 
p2 
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the eye and a candle, and turned okiwly rcnmd in ifi 
own plane, no change will take place hi the hnage of 
the candle. But if the plate be held in a fixed positkm, 
with its axis or longitudinal section vertical, when a 
second plate of toumudine is interposed between it and 
the eye, parallel to the first, and turned slowly round in 
its own plane, a remarkable change will be fimnd to 
have taken place in the nature of the li^it. For the 
image of the candle will vanish and appear altemate^r 
at every quarter revolution of the plate, varying throng 
all degrees of brightness down to total, or almost total 
evanescence, and then increasing again by the same der 
grees as it had before decreased. These changes de- 
pend upon the relative positions of the plates, i^en 
the longitudinal sections of the two plates are panllel, 
the brightness of the image is at its maximum; and 
when the axes of the sections cross at right angles, the' 
image of the candle vanishes. Thus the light, in pass- 
ing through the first plate of tourmaline, has acquired a 
property totally dififerent from the direct li^t of the 
candle. The direct light would have penetrated the 
second plate equally well in all directions, whereas the 
refracted ray will only pass through it in particular po- 
sitions, and is altogether incapable of penetrating it in 
others. The refracted ray is polarized in its passage 
through the first tourmaline, and experience shows tbat 
it never loses that property, unless when acted upon by 
a new substance. Thus, one of the properties of po- 
larized light is the incapability of passing through a plate 
of tourmaline perpendicular to it, in certain positions, 
and its ready transmission in other positions at right 
angles to the former. 

Many other substances have the property of polar- 
izing light. If a ray of light falls upon a transparent 
mecSum, which has the same temperature, density, and 
structure throughout every part, ns fluids, gases, glass, 
&c., and a few regularly crystalized minerals, it is re- 
fracted into a single pencil of light by the laws of ordi- 
nary refraction, according to which the ray, passing 
through the refracting surface from the object to the 
eye, never quits a plane perpendicular to that surface. 
Almost all otlier bodies, such as the greater number o£ 
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erystaHzed minerak, animal and vegetable substanceg, 
gums, resins, jellies, and all solid bodies having unequal 
tensions, whether from unequal temperature or pres- 
sure, possess the property of doubling the image or ap- 
pearance of an object seen through them in certain 
directions. Because a ray of natural light falling upon 
them is refracted into two pencils, which move with dif- 
ferent velocities, and are more or less separated, accord- 
ing to the nature of the body and the direction of the 
incident ray. Whenever a ray of natural light is thus 
divided into two pencils in its passage through a sub- 
stance, both of the transmitted rays are polarized. Ice- 
land spar, a carbonate of lime, which by its natural 
cleavage may be split into the form of a rhombohedron, 
possesses the property of double refraction in an emi- 
nent degree, as may be seen by pasting a piece of paper 
with a large pin-hole in it, on the side of the spar far- 
thest from the eye. The hole will appear double when 
held to the light (N. 200). One of tnese pencils is re- 
fracted according to the same law as in glass or water, 
never quitting the plane perpendicular to the refr'acting 
surface, and is therefore called the ordiuary ray. But 
the other does quit the plane, being refracted according 
to a different and much more complicated law, and on 
that account is called the extraordinary ray. For the 
same reason one image is called the ordinary, and the 
other the extraordinary image. When the spar is turned 
round in the same plane, the extraordinary image of the 
hole revolves about the ordinary image which remain^ 
fixed, both being equally bright. But if the spar be kept 
in one position and viewed through a plate of tourma- 
line, it will be found that as the tourmaline revolves, the 
images vary in their relative brightness — one increases 
in intensity till it arrives at a maximum, at the same 
time that the other diminishes till it vanishes, and so on 
alternately at each quarter revolution, proving both rays 
to be polarized. For in one position the tourmaline 
transmits the ordinary ray, and reflects the extraordi- 
nary; and after revolving 90°, the extraordinary ray is 
transmitted, and the ordinary ray is reflected. Thus 
another property of polarized light is, that it cannot be 
divided into two equal pencils by double refi-action, in 
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positions of the doubly refracting bodies in which a ray 
of common light would be so diyided. 

Weie tourmaline like other doubly refracting bodiee, 
each of the transmitted rajs would be double ; but that 
mineral when of a certain thickness, after separating the 
li^t ii^ two polarized pencils, absorbs tiiat which un- 
dergoes ordinary refraction, and consequently shows 
only one image of an object. On this account, tourma- 
line is pecuUarly fitted for analyzing polarized lidot, 
which shows no&ing remarkable till viewed through it 
or something equivalent. 

The pencils of li^t, on leaving a double refracting 
substance, are parallel ; and it is clear from the prece- 
ding experiments, that they are polarized in planes at 
right an^es to each other (N. 201^. But that will be 
better understood by considering tne change produced 
in common light by tiie action of the polarizing body. It 
has been shown that the undulations of ether, which 
produce the sensation of common light, are performed 
in eveiy possible plane, at right angles to tiie direction 
in which die ray is moving. But tiie case is very dif- 
ferent after the ray has passed through a doubly refract- 
ing substance, like Iceland spar. The light then pro- 
ceeds in two parallel pencils, whose undulations are stiU 
indeed transverse to the direction of the rays, but they 
are accomplished in planes at right angles to one an- 
other, analogous to two parallel stretched cords, one of 
which performs its undulations only in a horizontal 
plane, and the other in a vertical or upright plane (N. 
201). Thus the polarizing action of Icekmd spar and 
of all doubly refracting sul^tances is, to separate a ray 
of common light, whose waves or undulatk>ns are in 
every plane, into two parallel rays, whose waves or un- 
dulations lie in planes at right angles to each other. The 
ray of common light may be assimilated to a round rod, 
whereas the two polarized rays are like two parallel 
long flat rulers, one of which is laid horizontally on its 
broad surface, and the other horizontally on its edge. 
The alternate transmission and obstruction of one of 
thqse flattened beams by the tourmaline is similar to the 
facility with which a card may bo passed between the 
bars of a giating or wires of a cage, if presented edge- 
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ways, and the impossibility of its passing in a transverse 
direction. 

Although it generally happens that a ray of light, in 
passmg through Iceland spar, is separated into two po- 
larized rays, yet there is on^ direction along which it is 
refracted in one ray only, and that according to the or^ 
dinary law. This direction is called the optic axis 
(N. 202^. Many crystals and other substances have 
two optic axes, inclined to each other, along which a 
ray of light is transmitted in one pencil by the law of 
ordinary refraction. The extraordinary ray is some- 
times refracted toward the optic axis, as in quartz, zir- 
con, ice, &c., which are therefore said to bo positive 
crystals ; but when it is bent from the oi)tic axis, as in 
Iceland spar, tourmaline, emerald, bpryl, &c., the crys- 
tals are negative, which is the most numerous class. 
The ordinary ray moves with uniform velocity within a 
doubly refracting substance, but the velocity of the ex- 
traordinary ray varies with the position of the ray rela- 
tively to the optic axis, being a maximum when its mo- 
tion within the crystal is at right angles to the optic axis, 
and a minimum when parallel to it. Between these ex- 
tremes its velocity varies according to a determinate law. 

It has been inferred from the action of Iceland spar 
on light, that in all doubly refracting substances, one only 
of two rays is turned aside from the plane of ordinary 
refraction, while the other follows the ordinary law ; and 
the great difficulty of observing the phenomena tended 
to confirm that opinion. M. Fresnel, however, proved 
by a most profound mathematical inquify, oL jniori, that 
the extraordinary ray must be wanting in glass and other 
uncrystalized substances, and that it must necessarily 
exist in carbonate of lime, quartz, and other bodies hav- 
ing one optic axis, but that in a numerous class of sub- 
stances which possess two optic axes, both rays must 
undergo extraordinary refraction, and consequently that 
both must deviate from their original plane, and these 
results have been perfectly confirmed by subsequent 
experiments. This theory of refraction, which for gen- 
eralization is perhaps only inferior to the law of gravita- 
tion, has enrolled the name of Fresnel among those 
which pass not away, and makes his early loss a subject 
12 
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I 
of deep regret to all who take an interest in the higher 
paths of scientific research. 

When a beam, of common light is partly reflected at, 
and partly transmitted through, a transparent surface, 
the reflected and refracted pencils contain equal quanti- 
ties of polarized light, and their planes of polarization 
are at right angles to one another : hence a pUe of panes 
of glass will give a polai'ized beam by refraction. For if 
a ray of common light pass through them, part of it 
will be polarized by the first plate, the second plate will 
polarize a part of what passes through it, and the rest 
will do the same in succession, till the w)iole beam is 
polarized, except what is lost by reflection at the dif- 
ferent surfaces, or by absorption. This beam is polar- 
ized in a plane at right an^es to the plane of reflection, 
that is, at right angles to the plane passing through the 
incident and reflected ray (N. 203). 

By far the most convenient way of polaiizing light is 
by reflection. A plane of plate-glass laid upon a fnece 
of black cloth, on a table at an open window, will appear 
of a uniform brightness from the reflection of the sky 
or clouds. But if it be viewed through a plate of tour- 
maline, having its axis vertical, instead of being illumi- 
nated as before, it will be obscured by a large cloudy 
spot, having its center quite dark, which will readily be 
found by elevating or depressing the eye, and will only 
be visible when the angle of incidence is 67°, that is, 
when the line from the eye to the center of the black 
spot makes an angle of 33° with the surface of the re- 
flector (N. 204). When the tourmaline is turned round 
in its own plane, the dark cloud will diminish, and en- 
tirely vanish when the axis of the tourmaline is horizon- 
tal, and then every part of the surface of the glass will 
be equally illuminated. As the tourmaline revolves, the 
cloudy spot will appear and vanish alternately at every 
quarter revolution. Thus, when a ray of light is inci- 
dent on a pane of plate-glass at an angle of 57°, the re- 
flected ray is rendered incapable of penetrating a plate 
of tourmaline, whose axis is in the plane of incidence. 
Consequently it has acquired the same character as if 
it had been polarized by transmission through a plate 
of tourmaline, with its axis at right angles to the plane 
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of reflection. It is found by experience that this polar- 
ized ray is incapable of a second reflection at certain 
angles and in certain positions of the incident plane. 
For if another pane of plate-glass having one surface 
blackened, be so placed as to make an angle of 33° with 
the reflected ray, the image of the first pane will be re- 
flected in its surface, and will be alternately illuminated 
and obscured at every quarter revolution of the black- 
ened pane, according as the plane of reflection is parallel 
or perpendicular to the plane of polarization. Since 
this happens by whatever means the light has been 
polarized, it evinces another general property of polar- 
ized light, which is, that it is incapable of reflection in a 
plane at right angles to the plane of polarization. 

All reflecting surfaces are capable of polarizing light, 
but the angle of incidence at which it is complete^ 
polarized is diflerent in each substance (N. 205). It 
appears that the angle for plate-glass is 57° ; in crown- 
^ass it is 56° 55', and no ray will be completely polar- 
ized by water, unless the angle of incidence be 53° 11'. 
The angles at which diflerent substances polarize light 
are determined by a very simple and elegant law, dis- 
covered by Sir David Brewster, " That the tangent of 
the polarizing angle for any medium is equal to the sine 
of the angle of incidence divided by the sine of the angle 
of refraction of that medium." Whence also the re- 
fractive power even of an opaque body is known when 
its polarizing angle has been determined. 

Metallic substances, and such as are of high refractive 
ppwers, like the diamond, polarize imperfectly. 

If a ray polarized by refraction or by reflection from 
any substance not metallic, be viewed thi'ough a piece 
of Iceland spar, each image will alternately vanish and 
reappear at every quarter revolution of the spar, whether 
it revolves from right to left, or from left to right ; which 
shows that the properties of the polarized ray are sym- 
metrical on each side of the plane of polarization. 

Although there be only one angle in each substance 
at which light is completely polarized by one reflection, 
yet it may be polarized at any angle of incidence by a 
sufficient number of reflections. For if a ray falls upon 
the upper surface of a pile of plates of glass at an angle 
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greater or less than a polarizing angle, a part only of 
the reflected ray will be polarized, but a part of what is 
transmitted will be polarized by reflection at the sur- 
fyce of the second pkite, part at the third, and so on till 
the whole is poralized. This is t^e best apparatus ; bat 
one plate of glass having its inferior surface blackened, 
or even a polished table, will answer the purpose. 
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Phenomena exhibited by the passage of Polarized Light throngh Miea and 
Sulphate of Lime — ^The Colored Images piodaced by Polarized Light 
nusiug through Crystals having one and two Optic Axes — Cirouar 
Polarization — Elliptical Polarization — Discoveries of MM. Kot, Fresnel, 
and Professor Airy — Colored Images produced by the Interference of 
Polarized Rays. 

Such is the nature of polarized light and of the laws 
it follows. But it is hardly possible to convey an idea of 
the splendor of the phenomena it exhibits under circum- 
stances which an attempt will now be made to describe. 

If light polarized by reflection fi-om a pane of glass be 
viewed through a plate of tourmaline, with its longitudi- 
nal section vertical, an obscure cloud, with its center 
totally dark, will be seen on the glass. Now let a plate 
of mica, uniformly about the thirtieth of an inch in thick- 
ness, be interposed between the tourmaline and the 
glass ; the dark spot will instantly vanish, and instead of 
it, a succession of the most gorgeous colors will appear, 
varying with every inclination of the mica, from the 
richest reds, to the most vivid greens, blues, and purples 
(N. 206). That they may be seen in perfection, the 
mica must revolve at right angles to its own plane. 
When the mica is turned round in a plane perpendicu- 
lar to the polarized ray, it will be found that there are 
two lines in it where the colors entirely vanish. These 
are the optic axes of the micEi, which is a doubly refract- 
ing substance, with two optic axes, along which light is 
refracted in one pencil. 

No colors are visible in the mica, whatever its position 
may be with regard to the polarized light, without the 
aid of the tourmaline, which separates the ti*ansmitted 
ray into two pencils of colored light complementary to 
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one another, that is, which taken together would make 
white light. One of these it absorbs, and transmits the 
other ; it is therefore called the analyzing plate. The 
truth of this will appear more readily, if a film of sul- 
phate of lime between the twentieth and sixtieth of an 
inch thick be used instead of the mica. When the film 
is of uniform thickness, only one color wHl be seen when 
it is placed between the analyzing plate and the reflect- 
ing ^ass ; Bs, for example, red. But when the tourma- 
line revolves, the red will vanish by degrees till the film 
is colorless ; then it will assume a green hue, which 
will increase and arrive at its maximum when the tour- 
maline has turned through ninety degrees ; after that 
the green will vanish and the red will reappear, alter- 
nating at each quadrant. Thus the tourmaline sepcur- 
ates the light which has passed through the film into a 
red and a green pencil ; in one position, it absorbs the 
green and lets the red pass, and in another it absorbs 
the red and transmits the green. This is proved by 
analyzing the ray with Iceland spar instead of tourmaline ; 
for since the spar does not absorb the light, two images 
of the sulphate of lime will be seen, one red and the 
other green, and these exchange colors every quarter 
revolution of the spar, the red becoming green, and the 
green red ; and where the images overlap, the color is 
white, proving the red and green to be complementary 
to each other. The tint depends on the thickness of 
the film. Films of sulphate of lime, the 0*00124 and 
0'01818 of an inch respectively, give white light in what- 
ever position they may be held, provided they be per- 
pendicular to the polarized ray ; but films of interme- 
diate thickness wUl give all colors. Consequentiy, a 
wedge of sulphate of lime, varying in thickness between 
the 0*00124 and the 0-01818 of an inch, will appear to 
be striped with all colors when polarized light is trans- 
mitted through it. A change in the inclination of the 
film, whether of mica or sulphate of lime, is evidently 
equivalent to a variation in thickness. 

When a plate of mica, held as close to the eyes as 
possible at such an inclination as to transmit the polar- 
ized ray along one of its optic axes, is viewed through the 
tourmaline with its axis vertical, a most splendid appear- 
Q 
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ance is presented. The cloudy spot in the direction of 
the optic axis is seen surrounded by a set of vividly 
colored rings of an oval form, divided into two unequal 
parts by a black curved band passing through the cloudy 
spot about which the rings are formed. The other optic 
axis of the mica exhibits a similar image (N. 207). 

When the two optic axes of a crystal make a small 
angle with one another, as in nitre, the two sets of rings 
touch externally ; and if the plate of nitre be turned rounl 
in its own plane, the black transverse bands undergo 
a variety of changes, till at last the whole richly colored 
image assumes the form of the figure 8, traversed by a 
black cross (N. 208). Substances with one optic axis 
have but one set of colored circular rings, with a broad 
black cross passing through its center, dividing the rings 
into four equal parts, when the analyzing plate re- 
volves, this figure recurs at every quarter revolution ; 
but in the intermediate positions it assumes the com- 
plementary colors, the black cross becoming white. 

It is in vain to attempt to describe the beautaful phe- 
nomena exhibited by innumerable bodies, which undergo 
periodic changes in form and color when the analyzing 
plate revolves, but not one of them shows a trace of 
color without the aid of tourmaline or something equiv- 
alent to analyze the light, and as it were to call these 
beautiful phantoms into existence. Tourmaline has the 
disadvantage of being itself a colored substance ; but 
that inconvenience may bo obviated by employing a re- 
flecting surface as an analyzing plate. When polarized 
light is reflected by a plate of glass at the polarizing 
angle, it will be separated into two colored pencils ; and 
when the analyzing plate is turned round in its own 
plane, it will alternately reflect each ray at every quar- 
ter revolution, so that all the phenomena that have been 
described will be seen by reflection on its surface. 

Colored rings are produced by analyzing polarized 
light transmitted through glass melted and suddenly or 
unequally cooled; also through thin plates of glass 
bent with the hand, jelly indurated or compressed, 6cc. 
&c. In short, aU the phenomena of colored rings may 
be produced, either permanently or transiently, in a 
variety of substances, by heat and cold, rapid cooling, 
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compression, dilatation, and induration; and so litlie 
apparatus is necessary ifor performing the experiments, 
that, as Sir John Herschel says, a piece of window- 
glass or a polished table to polarize the light, a sheet of 
clear ice to produce the rings, and a broken fragment 
of plate^glass placed near the eye to analyze the light, 
are alone requisite to produce one of the most splendid 
of optical exhibitions. 

It has been observed, that when a ray of li^fit, 
polarized by reflection from any surface not metallic, is 
analyzed by a doubly refracting substance, it exhibits 
properties which are symmetrical both to the right and 
left of the. plane of reflection, and the ray is then said 
t» be polarized according to that plane. This symmetry 
is not destroyed when the ray, before being analyzed, 
traverses the optic axis of a crystal having but one 
optic axis, as evidently appears from the circular forms 
of the colored rings already described. Regularly crys- 
talized quartz, however, forms an exception. In it, 
even though the rays should pass through the optic 
axis itself, where there is no double refraction, the 
primitive symmetry of the ray is destroyed, and the 
plane of primitive polarization deviates either to the 
right or left of the observer, by an angle proportional 
to the thickness of the plate of quartz. This angular 
motion, or true rotation of the plane of polarization, 
which is called circular polai'ization, is clearly proved by 
the phenomena. The colored rings produced by all 
crystals having but one optic axis are circular, and 
traversed by a black cross concentric with the rings ; so 
that the light entirely vanishes throughout the space 
inclosed by the interior ring, because there is neither 
double refraction nor polarization along the optic axis. 
But in the system of rings produced by a plate of 
quartz, whose surfaces are perpendicular to the axis of 
tiie crystal, the part within the interior ring, instead of 
being void of light, is occupied by a uniform tint of red, 
green, or blue, according to the thickness of the plate 
(N. 209). Suppose tlie plate of quartz to be ^V ®^ ^^ 
inch thick, which will give ihe red tint to the space 
within the interior ring; when the analyzing plate is 
turned in its own plane through an angle of 17^°, the 
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red hue vanishes. If a plate of rock crystal ^ of ao 
inch thick be used, the analyzing plate must revolve 
through 35° before the red tint vanishes, and so on; 
every additional 25th of an inch in thickness reqturing 
an additional rotation of 17|° ; whence it is manifest 
that the plane of polarization revolves in the direction 
of a spiral vnthin the rock crystal. It is remarkaUe 
that in some crystals of quartz, the plane of polarization 
revolves from right to left, and in others n'om left to 
right, although the crystals themselves differ apparently 
oi3y by a very slight, almost imperceptible varie^ in 
form. In these phenomena, the rotation to the rimt is 
accomplished according to the same laws, and with the 
same energy, as that to the left. But if two phites oi 
quartz be interposed which possess different affections, 
die second plate undoes, either wholly or partly, the 
rotatory motion which the first had produced, according 
as the plates are of equal or unequal thickness. When 
the plates are of unequal thickness, the deviation is in 
the direction of the strongest, and exactly the same 
with tiiat which a third plate would produce equal in 
thickness to the difference of the two. 

M. Biot has diseovwed the same properties in a 
variety of liquids. Oil of turpentine, and an essential 
oil of laurel, cause the plane of polarization to turn to 
the left, whereas the syrup of sugar-cane, and a solu- 
tion of natural camphor by alcohol, turn it to the right 
A compensation is effected by the superposition or 
mixture of two liquids which possess tiiese opposite 
properties, provided no chemical action takes place. A 
remarkable difference was also observed by M. Biot 
between the action of the particles of the same sub- 
stances when in a liquid or solid state. The syrup of 
grapes, for example, turns the plane of polarization to 
the left as long as it remains liquid ; but as soon as it 
acquires the solid form of sugar, it causes the plane of 
polarization to revolve toward the right, a property 
which it retains even when again dissolved. Instances 
occur also in which these circumstances are reversed. 

A ray of light passing through a liquid possessing the 
power of circular polarization is not affected by mixing 
other fluids with the liquid — such as water, ether, alco* 
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hoI, 6cc. — which do not possess circular polarization 
theniselves, the angle of deviation remaining exactly the 
same as before the mixture. Whence M. Biot infers 
that the action exercised by the liquids in question 
does not depend upon their mass, but that it is a mole- 
cular action exercised by the ultimate particles of mat- 
ter, windi depends solej^ upon the individual constitu- 
tion, and is entirely independent of the positions and 
mutual distances of the particles with regard to each 
other. These important discoveries show, that circular 
polarization surpasses the power of chemical analysis in 
siving certain and direct evidence of the similarity or 
difference existing in the molecular constitution of bodies, 
as w^fas of the permanency of that constitution, or of 
the fluctuations to which it may be liable. For example, 
no chemical difference has been discovered between 

rp from the sugar-cane and syrup from grapes. Yet 
first causes t£e plane of polarization to revolve to 
the ri^t, and the other to the left ; therefore some es- 
sential difference must exist in the nature of their ulti- 
mate molecules. The same difference is to be traced 
between the juices of such plants as give sugar similar 
to that frcHU file cane, and those which give sugar like 
tiiat obtained from grapes. This eminent philosopher 
is now engaged in a series of experiments on the pro- 
gressive changes in the sap of vegetables at different 
distances frx>m their roots, and on the products that are 
formed at»the various epochs of vegetation, from their 
action on polarized light. 

It is a fact established by M. Biot, that in circular 
polarization, the laws of rotation followed by the differ- 
ent simple rays of light are dissimilar in different sub- 
stances. Whence he infers that the deviation of the 
simple rays from one anoth^ ought not to result from 
a special property of the luminous principle only, but 
that the proper action of the molecules must also concur 
in modifying the deviations of the simple rays differently 
in different substances. 

One of the many brilliant discoveries of M . Fresno 

is the pi'oduction of circular and eUiptical polarization by 

the internal reflection of light from plate glass. He has 

shown that if light polarized by any of the usual methods 

q2 
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be twice reflected within a glass rhomb (N. 166) of a giveii 
form, the vibrations of the ether that are perpendieular 
to the plane of incidence will be retarded a quarter of a 
vibration, which causes the vibrating particles to describe 
circles, and the succession of such vibrating particles 
throughout the extent of a wave to form altogether a 
circular helix, or curve like a corkscrew. However, 
that only happens when the plane of polarization k 
inclined at an angle of 45° to the plane of incideooe. 
When these two planes form an angle either greater 
or less, the succession of vibrating particles forms an 
elliptical helbc, which curve may be represented by 
twisting a thread in a spiral about an oval rod. ^ These 
curves will turn to the right or left, according' to ^be 
position of the incident plane. 

The motiou of the ediereal medium in elliptical and ~ 
circular polarization may be represented by the analogy 
of a stretched cord ; for if the extremity of such a cord 
be a^tated at equal and regular intervds by a vihratoiy 
motion entirely confined to one plane, the cord wiO be 
thrown into an undulating curve lying wholly in that 
plane. K to this motion there be superadded anotiier 
similar and equal, but perpendicular to the first, the 
cord will assume the form of an elliptical helix ; its ex- 
tremity will describe an ellipse, and every molecule 
throughout its length will successively do the same. But 
if the second system of vibrations commence exactly a 
quarter of an undulation later than the first, the cord wiD 
take the form of a circular helix or cork-screw; the 
extremity will move uniformly in a circle, and every 
molecule throughout the cord will do the same in suc- 
cession. It appears, therefore, that both circular and 
elliptical polarization may be produced, by the compo- 
sition of the motions of two rays in which the particles 
of ether vibrate in planes at right angles to one another. 

Professor Airy, in a very profound and able paper 
published in the Cambridge Transactions, has proved 
that all the different kinds of polarized light are obtained 
from rock crystal. When polarized Dght is transmitted 
through the axis of a crystal of quartz, in the emergent 
ray the particles of ether move in a circular heUx ; and 
when it is transmitted obliquely so as to form an angle 
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with the axis of the prism, the particles of other move 
in an elliptical helix, the ellipticity increasing with the 
obliquity of the incident ray ; so that, when the incident 
ray falls perpendicularly to the axis, the particles of 
etLer move in a straight line. Thus quartz exhibits 
every variety of elliptical polarization, even including 
the extreme cases where the eccentricity is zero, or 
equal to the greater waa of the ellipse (N. 210^. In 
many crystals the two rays are so little separatea, that 
it is only from the nature of the transmitted light that 
they are known to have the property of double refrac- 
tion. M. Fresnel discovered by experiments on the 
properties . of light passing through the axis of quartz, 
that it consists of two superposed rays, moving with 
different velocities ; and Professor Airy has shown, that 
in these two rays, the molecules of ether vibrate in 
similar ellipses at right angles to each other, but in dif- 
ferent directions; that their ellipticity varies with the 
angle which the incident ray makes with the axis ; and 
that, by the composition of their motions, they produce 
all the phenomena of polarized light observed in quartz. 

It appears from what has been said, that the mole- 
cules of ether always perform their vibrations at right 
angles to the direction of the ray, but very differently in 
the various kinds of light. In natural light the vibrations 
are rectilinear, and in every plane. In ordinary polar- 
ized light they are rectilinear, but confined to one plane ; 
in circular polarization the vibrations are circular ; and 
in elliptical polarization the molecules vibrate in ellipses. 
These vibrations are communicated from molecule to 
molecule, in straight lines when they are rectilinear, in 
a circular helix when they are circular, and in an oval 
or elliptical helix when elhptical. 

Some, fluids possess the property of circular polar- 
ization, as oil of turpentine ; and elliptical polarization, 
or something similar, seems to be produced by reflection 
from metallic surfaces. 

The colored images from polarized light arise from 
the interference of the rays (N. 211). MM. Fresnel 
and Arago found that two rays of polarized light inter- 
fere and produce colored fringes if they be polarized in 
the same plane, but that they do not interfere when 
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polarized in different planes. In all intermediate po«- 
tions, fringes of intermediate brightness are produced. 
The analogy of a stretched cord will show how this 
happens. Suppose the cord to be moyed backward and 
forward horizontally at equal intervals ; it will be tbrowA 
into an undulating curve lying all in one plane. If to 
this motion there be superadded another similar fend 
equal, commencing exactly half an undulation later than 
the first, it is evident that the direct motion eveiy mide- 
cule will assume, in consequence of the first system of 
waves, will at every instant be exactly neutralised by 
the reti-ograde motion it would take in virtue of the 
second ; and the cord itself will be quiescent in eonse- 
quence of the interference. But if the second ^stem 
of waves be in a plane perpendicular to the firtffc, the 
effect would only be to twist the rope, so that no inter- 
ference would take place. Rays polarized trt; rig^t an- 
gles to each other may subsequently be brou^t into the 
same plane without acquiring the property m producing 
colored fringes ; but if they belong to a pencil tiie whole 
of which was originally polarized in the same plane, they 
will interfere. 

The manner in which the colored images are ibrmed 
may be conceived, by considering that when polarized 
light passes through the optic axis of a doubly refracting 
substance, — as mica, for example, — it is divided into two 
pencils by the analyzing tourmaline ; and as one ray is 
absorbed there can be no interference. But when 
polarized light passes through the mica in any other 
direction, it is separated into two white rays, and these 
are again divided into four pencils by the tourmriine, 
which absorbs two of them ; and the other two, being 
transmitted in the same plane with different velocities, 
interfere and produce the colored phenomena. If the 
analysis be made with Iceland spar, the single ray pass- 
ing through the optic axis of the mica will be refracted 
into two rays polarized in different planes, and no in- 
terference will happen. But when two rays are trans- 
mitted by the mica, they will be separated into four by 
the spar, two of which will interfere to form one image, 
and the other two, by their interference, will produce 
the complementary colors of the other image, when the 
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spar has revolved thi'ough 90'' ; because, in such posi- 
tions of the spar as produce the colored images, only 
two rays are visible at a time, the other two being re- 
flected. When the analysis is accomplished by reflec- 
tion, if two rays are transmitted by the mica, they are 
polarized in planes at right angles to each other. And 
if the plane of reflection of either of these rays be at 
*right angles to the plane of polarization, only one of 
them will be reflected, and therefore no interference 
can take place ; but in all other positions of the analy- 
zing plate both rays wiU be reflected in the same plane, 
and consequently will produce colored rings by their 
interference. 

It is evident that a great deal of the light we see must 
be polarized, since most bodies which have the power 
of reflecting or refracting light also have the power of 
polarizing it. The blue li^t of the sky is completely 
polarized at an angle of 74° from the sun in a plane 
passing through his center. 

A constellation of talent almost unrivaled at any 
period in the history of science, has contributed to the 
theory of polarization, though the original discovery of 
that property of light was accidental, and arose from an 
occurrence which Uke thousands of others would have 
passed unnoticed, had it not happened to one of those 
rare minds capable of drawing the most important in- 
ferences from circumstances apparently trifling. In 
1808, while M. Mains was accidently viewing with a 
doubly-refracting prism a brilliant sunset reflected from 
the windows of die Luxembourg palace in Paris, on 
turning the prism slowly round, he was surprised to 
see a very great difierence in the intensity of the two 
images, the most refracted alternately changing from 
brightness to obscurity at each quadrant of revolution. 
A phenomenon so unlooked for induced him to investi- 
gate its cause, whence sprung one of the most elegant 
and refined branches of physical optics. 
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SiTCTION XXIII. 

Objections to tho Undnlatoiy Theory, from a Difference in the Action of 
Sound and Light under the same circamstances, removed — The Disper- 
sion of Light according to the Undulatory Theiny. 

The numerous phenomena of periodical colors arising 
from the interference of light, which do not admit m 
satisfactory explanation on any other principle than the 
undulatory theory, are the strongest arguments in &vor 
of that hypothesis ; and even cases which at one time 
seemed unfavorable to that doctrine have proved upon 
investigation to proceed from it alone. Such is the er- 
roneous objection which has been made, in consequence 
of a difference in the mode of action of light and sound, 
under the same circumstances, in one particular in- 
stance. When a ray of light from a luminous point, 
and a diverging sound, are both transmitted through a 
very small hole into a dark room, the light goes straight 
forward and illuminates a small spot on £e opposite wall, 
leaving the rest in darkness ; whereas the sound on en- 
tering diverges in all directions, and is heard in every 
part of the room. These phenomena, however, instead 
of being at variance with the undulatory theoiy, are 
direct consequences of it, arising from the very great 
difference between the magnitude of the undulations of 
sound and those of light. The undulations of light are 
incomparably less than the minute aperture, while those 
of sound are much greater. Therefore when light di- 
verging from a luminous point enters the hole, the rays 
round its edges are oblique, and consequently of different 
lengths, while those in the center are direct, and nearly 
or altogether of the same lengths. So that the small 
undulations between the center and the edges are in 
different phases, that is, in different states of undula- 
tion. Therefore the greater number of them interfere, 
and by destroying one another produce darkness all 
around the edges of the aperture ; whereas the central 
rays having the same phases, combine, and produce a 
spot of bright light on a wall or screen directly opposite 
the hole. The waves of air producing sound, on tho 
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contrary, being very large compared with the hole, do 
not sensibly diverge in passing through it, and are there- 
fore all so nearly of the same length, and consequently 
in the same phase, or state of undulation, that none of 
them interfere sufficiently to destroy one another. 
Hence all the particles of air in the room are set into a 
state of vibration, so that the intensity of the sound is 
very nearly everywhere the same. Strong as the pre- 
ce^g cases may be, the foDowing experiment made by 
M. Arago about twenty years ago seems to be decisive 
in favor of the undulatory doctrine. Suppose a plano- 
convex lens of very great radius to be placed upon a 
plate of very highly polished metal. When a ray of 
polarized light faJls upon this apparatus at a very great 
angle of incidence, Newton's rings are seen at the point 
of contact. But as the polarizing angle of glass differs 
from that of metal, when the light f^ on the lens at 
the polarizing angle of glass, the black spot and the sys- 
tem of rings vanish. For although light in abundance 
continues to be reflected from the surface of the metal, 
not a ray is reflected from the surface of the glass that 
is in contact with it, consequently no interference can 
take place ; which proves, beyond a doubt, that New- 
ton's rings result from the interference of the light re- 
flected from both the surfaces apparently in contact (N. 
194^. 

Notwithstanding the successful adaptation of the un- 
dulatory system to phenomena, the dispersion of light 
for a long time ofiered a formidable objection to that 
theory, which has only been removed during the present 
year by Professor Powell of Oxford. 

A sunbeam falling on a prism, instead of being re- 
fracted to a single point of white light, is separated into 
its coniponent colors, which are dispersed or scattered 
ui^equally over a considerable space, of which the portion 
occupied by tJie red rays is the least, and that over which 
the violet rays are dispersed is the greatest. Thus the 
rays of the colored spectrum whose waves are of differ- 
ent lengths, have different degrees of refrangibility, and 
consequently move with different velocities, either in the 
medium which conveys the light from the sun, or in the 
refracting medium, or in both ; whereas rays of all colors 
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come from the sun to the earth with the same velociQr, 
If, indeed, the velocities of the various raye were diflfor- 
ent in space, the aberration of the fixed stars, which is 
inversely as the velocity, would be different for different 
colors, and every star would appear as a spectrum whose 
length would be parallel to ^e dbrection of the earth's 
motion, which is not found to agree with observation. 
Besides, there is no such difference in the velocities of 
the long and short waves ef air in the analogous case of 
sound, since notes of the lowest and highest pitch are 
heard in the order in which they are struck. In £ict, 
when the sunbeam passes frem air into the prism its 
velocity is diminished ; and as its refraction and conse- 
quently its dispersion depend solely upon the diminished 
velocity of the transmission of its waves, they ought to 
be the same for waves of all lengths, unless a connection 
exists between the length of a wave, and the velocity'' 
with which it is propagated. Now this connection be- 
tween the length of a wave of any color and its velocity 
of refrangibility in a given medium, has been deduced 
by Professor Powell from M. Cauchy's investigations g^ 
the properties of light on a peculiar modification of the 
undulatory hypotliesis. Hence the refrangibiHty of the 
various colored rays computed from this relation for any 
given medium, W'hen compared with their refrangibility 
in the same medium determined by actual observation, 
will show whether the dispersion of light comes under 
the laws of that theory. But in order to accomplish 
this, it is clear that the length of the waves should be 
found independently of refraction, and a very beautiful 
discovery of M. Fraunhofer furnishes the means of 
doing so. 

That philosopher obtained a perfectly pure and com- 
plete colored spectrum with all its dark and bright lines 
by the interference of light alone, from a sunbeam pass- 
ing through a series of fine parallel wires covering the 
object glass of a telescope. In this spectrum, formed 
independently of prismatic refraction, the positions of 
the colored rays depend only on the lengths of their 
waves, and M. Fraunhofer found that the intervals be- 
tween them are precisely proportional to the differences 
of these lengths. He measured the lengths of the waves 
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of the different colon at seven fixed points, determined 
by seven of the principal dark and bright lines. Profef- 
sor Powell, availing himself of these measm'es, has made 
the requisite computations, and has found that the coin- 
cidence of theory with observation is perfect for tea 
substances whose refrangibility had been previously de- 
termined by the dii^ct measurements of M. Fraunhofer, 
and for ten others whose refrangibili^^ has more recent^ 
been ascertained by M. Rudberg. Thus, in the case of 
seven rays in each of twenty different substances solid 
and fluid, the dispersion of l^t takes place according to 
the laws of the undulatoiy theory ; and as there can 
hardly be a doubt that dispersion in all other bodies will 
be found to follow the same law, the undulatory theory 
of light may now be regarded as completely established. 
It is however an express condition of the connection be- 
tween the velocity of light and the length of its undula- 
tionis, that the intervals between the vibrating molecules 
of the ethereal fluid should bear a sensible relation to 
the length of an undulation. The coincidence of the 
computed with the observed refractions shows that this 
conmtion is fulfilled within the refracting media ; but 
&e aberration of the fixed stai's leads to the inference 
that it does not hold in the ethereal regions, where the 
velocities of the rays of all colors are the same. 



Section XXIV. 



Chemioal or Photographic Raya of the Solar Spectrum— Measrs. Scheele, 
Hitter, and Wollastoa's Discoveries— Mr. Wedgewood and Sir Humphry 
Dav7*t Photographic Pictures— The Calotype— The Daguerreotype— 
The Chromatype — ^The Cyanotype — Sir John HerachePa Discovenes in 
the Photographic or Chemical Spectrum— Mona. £. Becquerera Disooveij 
of InactiTe Lines in tixe Chemical Spectrum. 

The solar spectrum has assumed a totaDy new char- 
acter from recent analysis, especially the chemical por- 
tion, which exercises an energetic action on matter, pro- 
ducing the most wonderful and mysterious changes on 
the organized and unorganized creation. 

All bodies are probably affected by light, but it acts 
with greatest energy on such as are of weak chemical 
afl&nity, imparting properties to them which they did 
13 R 
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not possess before. Metallic salts, especially those of 
silver, whose molecules are held together by an unstable 
equilibrium, are of all bodies the most susceptible of its 
influence ; the effects however vary with the substances 
employed and with the different rays of the solar spee^ 
trum, the chemical properties of which are by no means 
alike. As early as 1772 M. Scheele showed that the 
pure white color of chloride of silver was rapidly dark- 
ened by the blue rays of the solar spectrum, while the 
red rays had no effect upon it; and in 1801 M. Ritter 
discovered that invisible rays beyond the violet extremity 
have the property of blackening argentine salts, that 
this property diminishes toward the less refrangible part 
of the spectrum, and that the red rays have an opposite 
quality, that of restoring the blackened salt of silver to 
its original purity, from which he inferred that the most 
refrangible extremity of the spectrum has an oxygen- 
izing power, and the other that of deoxygenating. Dr. 
Wollaston found that gum guaiacum acquires a green 
color in the violet and blue rays, and resumes its original 
tint in the red. No attempt had been made to trace 
natural objects by means of light reflected from them 
till Mr. Wedgewood, together with Sir Humphry Davy, 
took up the subject: they produced profiles and tracings 
of objects on surfaces prepared with nitrate and chloride 
of silver, but they did not succeed in rendering their 
pictures permanent. This difficulty was overcome in 
1814 by M. Niepce, who produced a permanent picture 
of surrounding objects, by placing in the focus of a 
camera obscura, a metallic plate covered with a film of 
asphalt dissolved in oil of lavender. 

Mr. Fox Talbot, witliout any knowledge of M. Niepce's 
experiments, had been engaged in the same pursuit, 
and must be regarded as an independent inventor of 
photography, one of the most beautiful arts of modern 
times : he was the first who succeeded in using paper 
chemically prepared for receiving impressions from nat- 
ural objects ; and he also discovered a method of fixing 
permanently the impressions — that is, of rendering the 
paper insensible to any further action of light. In the 
calotype, one of Mr. Talbot's most recent applications 
of the art, this photographic surface is i«repared by wash- 
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log smooth writing-paper, first with a solution of nitrate 
c^ silver, then with bromide of potassium, and again with 
nitrate of silver, drying it at a fire after each washing ; 
the paper is thus rendered so sensitive to light that even 
the passage of a thin cloud is perceptible on it, conse- 
quently it must be prepared by candle-light. Portraits, 
buildings, ipsects, leaves of plants, in short every object 
is accurately delineated in a few seconds, ancf in the 
focus of a camera obscura the most minute objects are 
so exactly depicted that the microscope reveals new 
beauties. 

Since the effect of the chemical agency of light is to 
destroy the affinity between the salt and the silver, Mr. 
Talbot found that in order to render these impressions 
permanent on paper, it was only necessary to wash it 
with salt and water, or with a solution of iodide of po- 
tassium. For these liquids the liquid hyposulphites 
have been advantageously substituted, which are the 
meet efficacious in dissolving and removing the unchanged 
salt, leaving the reduced silver on the paper. The cal- 
otype picture is negative, that is, the lights and shadows 
are the reverse of what they are in nature, and the 
right-hand side in nature is the left in the picture ; but 
if it be placed with its face pressed against photographic 
paper, between a board and a plate of glass, and exposed 
to the sun a short time, a positive and direct picture as 
it is in nature is formed ; engravings may be exactly 
copied by this simple process, and a direct picture may 
be produced at once by using photographic paper already 
made brown by exposure to light. 

While Mr. Fox Talbot was engaged in these very 
elegant dbcoveries in England, M. Daguerre had brought 
to perfection and made public that admirable process by 
which he has compelled Nature pei-manently to en- 
grave her own works ; and thus the talents of France 
and England have been combined in bringing to perfec- 
tion this useful art. Copper, plated with silver, is suc- 
cessfully employed by M. Daguerre for copying nature 
by the agency of light. The surface of the plate is 
converted into an iodide of silver, by placing it horizon- 
tally with its face downward in a covered box, in the 
bott€Mn of which there is a small quantity of iodine 
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which evaporates spontaneously. In three or four. 
minutes the surface acquires a yellow tint, and then, 
screening it carefully from light, it must be placed in 
the focus of a camera obscura, where an invisible image 
of external objects will be impressed on it in a few, 
minutes. When taken out the plate must be exposed 
in another box to the action of mercurial vapor, wluch 
attaches itself to those parts of the plate which had 
been exposed to light, but does npt adhere to such parts 
as had been in shadow ; and as the quantity of mercury 
over the other parts is in exact proportion to the de^ 
gree of illumination, the shading of the picture is per- 
fect. The image is fixed, first by removing the iodine 
from the plate, by plunging it into hyposulphite of soda, 
and then washing it in distilled water ; by this process 
the yellow color is destroyed, and in order to rendw 
the mercury permanent, l£e plate must be exposed a 
few minutes to nitric vapor, then placed in nitric acid 
containing copper or silver in solution at a temperature 
of 61|^ of Fahrenheit for a short time, and last^ 
polished with chalk. This final part of the process is 
due to Dr. Berre, of Vienna. 

Nothing can be more beautiful than the shading oi 
these chiar-oscuro pictures when objects are at rest, 
but the least motion destroys the effect; the method 
therefore is more applicable to buildings than landscape. 
Color alone is wanting ; but the researches of Sir John 
Herschel give reason to believe that even this will ulti- 
mately be attained. 

The most perfect impressions of seaweeds, leaves of 
plants, feathers, &c., may be formed by bringing the 
object into close contact with a sheet of photographic 
paper, between a board and plate of glass ; then ex- 
posing the whole to the sun for a short time, and after- 
ward fixing it by the process described. The colors of 
the pictures vary with the preparation of the paper, by 
which almost any tint may be produced. 

In the chromatype, a peculiar photograph discovered 
by Mr. Hunt, cliromate of copper is used, on which a 
dark brown negative image is first formed, but by the 
continued action of light it is changed to a positive 
yellow picture on a white ground ; the faither effect 
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of light is checked by washing the picture in pare 
WBter. 

In cyanotjpes, a class of photographs discovered by 
Sir John Herschel, in which cyanogen in its combina- 
tions with iron forms the ground, the pictures are 
Pmssian blue and white. In the chrysotype of the 
same eminisnt philosopher, the image is first received 
on paper prepared with the ammonia-citrate of iron, 
and afterward washed with a neutral solution of gold. 
It is fixed by water acidulated with sulphuric acid, and 
laErtfy by hydriodate of potash, from which a white and 
purple photograph results. It is vain to attempt to de- 
scribe the various beautiful eflfects which Sir John 
Herschel obtained from chemical compounds, and from 
the juices of plants : the juice of the red poppy gives a 
positive bluish purple image, that of the ten-week stock 
a fine rose color on a pale straw-colored ground. 

Pictures may be made by exposure to sunshine, on 
ail compound substances having a weak chemical aflfinity, 
bnt the image is often invisible, as in the Daguerreotype, 
till brou^t out by washing in some chemical prepara- 
tion. Water is frequently sufficient ; indeed Sir John 
Herschel brought out dormant photographs by breathing 
on them, and some substances are insensible to the ac- 
tion of %ht tin moistened, as for example gum guaia- 
cum. ^gentine papers, however, are little subject to 
the influence of moisture. The power of the solar rays 
is augmented in certain cases by placing a plate of glass 
in ck^ contact over the sensitive surface. 

Chemical action always accompanies the sun^s light, 
but the analysis of the solar spectrum has partly dis- 
ck>sed the wonderful nature of the emanation. In the 
research, properties most important and unexpected 
have been discovered by Sur John Herschel, who im- 
]rirints the stanip of genius on all he touches — ^his elo» 
qoent papers can alone convey an adequate idea of their 
vnlne in opening a fieM of inquiry vast and untrodden. 
The foUowing brief and impenect account of his expern 
iments is all 3iat can be attempted here i-^ 

A certain degree of chemical energy is distribute^ 
liffough every part of the solar spectrum, and also to i^ 
con^derable extent through the df^rk spaces at each e7(- 
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tremity. This distribution does not depend on the re- 
frangibility of the rays alone, but also on the nature of 
the rays themselves, and on the phjrsical properties of 
the analyzing medium on which the rays are received, 
whose changes indicate and n^easure their action. The 
length of the photographic image of the same solar spec- 
trum varies with the physical qualities of the surfiice <m 
which it is impressed. When the solar spectrum is 
received on paper prepared with bromide of silver, the 
chemical spectrum, as indicated merely by the length of 
the darkened part, includes within it9 limits the whole 
luminous spectrum, extending in one direction far be- 
yond the extreme violet and lavender rays, and in the 
other down to the extremest red : with tartrate of sil- 
ver the darkening occupies not only all the space under 
the most refrangible rays, but reaches much beyond the 
extreme red. On paper prepared with formobenzoate 
of silver the chemical spectrum is cut off at the orange 
rays, with phosphate of silver in the yellow, and ^th 
chloride of gold it terminates with the green, with car- 
bonate of mercury it ends in the blue, and on paper 
prepared with the percyanide of gold, ammonia, and 
nitrate of silver, the darkening lies entirely beyond the 
visible spectrum at its most refrangible extremity, and 
is only half its length, whereas in some cases chemical 
action occupies a space more than twice the length of 
the luminous image. 

The point of maximum energy of chemical action 
varies as much for different preparations as the scale of 
action. In the greater number of cases the point of 
deepest blackening lies about the lower edge of the in- 
digo rays, though in no two cases is it exactly the same, 
and in many substances it is widely different. On paper 
prepared with the juice of the ten-week stock (Mathiobi 
annua), there are two maxima, one in the mean yellow 
and a weaker in the violet ; and on a preparation of tar- 
trate of silver. Sir John Herschel found three, one in 
the least refrangible blue, one in the indigo, and a third 
beyond the visible violet. The decrease in photogi-aphk; 
energy is seldom perfectly alike on both sides of the 
maximum. Thus at the most refiungible end of the 
solar spectrum the greatest chemical power is exerted 
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in mo^t instances where there is least light and heat, 
and even in the space where both sensibly cease. 

Not only the intensity but the kind of action is differ- 
ent in the different points of the solar spectrum, as 
evidently appears from the various colors that are fre- 
quently impressed on the same analyzing surface, each 
ray having a tendency to impart its own color. Sir John 
Herschel obtained a colored image of the solar spectrum 
on paper prepared according to Mr. Talbot*s principle, 
from a sunbeam refracted by a glass prism and then 
highly condensed by a lens. The photographic image 
was rapidly formed and very intense, and when with- 
drawn from the spectrum and viewed in common day- 
light it was found to be colored with sombre but une- 
quivocal tints imitating the prismatic colors, which varied 
gradually froni red through green and blue to a purplish 
black. After washing the surface in water, the tints 
became more decided by being kept a few days in the 
dark — a phenomenon, Sir John observes, of constant 
occurrence, whatever be the preparation of the paper, 
provided colors are produced at all. He also obtained a 
colored image on nitrate of silver, the part under the 
blue rays becoming a blue brown, while that under the 
violet had a pinkish shade, and sometimes green ap- 
peared at the point corresponding to the least refrangible 
blue. Mr. Hunt found on a paper prepared with fluoride 
of silver that a yellow Une was impressed on the space 
occupied by the yellow rays, a green band on the space 
under the green rays, an intense blue throughout the 
space on which the blue and indigo rays fell, and under 
the violet ray's a ruddy brown appeared ; tiiese colors 
remained clear and distinct after being kept two months. 

Notwithstanding the great variety in the scale of 
action of the solar spectrum, the darkening or deoxy- 
dizing principle that prevails in the more refrangible 
part rarely surpasses or even attains the mean yeUow 
ray which is the point of maximum illumination ; it a 
generally cut off abruptly at that point which seems to 
form a Umit betwjeen the opposing powers which prevail 
at the twp ends of the spectrum. The bleaching or ox- 
ydizing effect of the red rays on blackened muriate of 
silver discovered by M. Ritter of Jena, and the restora- 
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tion by the same rays of discolored gum gnaiacum to its 
original tint by Dr. Wollaston, have already been men- 
tioned as giving the first indications of that difference in 
the mode of action of the chenucal rays at the two ends 
of the visible spectrum, now placed beyond a doubt. 

The action exerted by the less reiran^ble rays be- 
yond and at the red extremity of the solar spectrum, in 
most instances, so far from blackening metallic salts, 
protects them from the action of the diffused daylight; 
but if the prepared surface has already been blackened 
by exposure to the sun, they possess the remaritaMe 
property of bleaching it in some cases, and under o&er 
circumstances of chsinging the black sur&ce into a fieiy 
red. 

Sff John Herschel, to whom we owe most of our 
knowledge of the properties of the chemical spectrum, 
prepared a sheet of paper by washing it with muriate 
of ammonia, and then with two coats of nitrate of silver; 
on this surface he obtained an impression of the sdar 
spectrum exhibiting a range of colors very nearly cor- 
responding with its natural hues. But a veiy remarka- 
ble phenomenon occurred at die end of least refrangi- 
bility; the red rays exerted a protecting influence 
which preserved the paper from the change which it 
would otherwise have undergone from the deoxydizing 
influence of the dispersed light which always surrounds 
the solar spectrum, and this maintained its whiteness. 
Sir John met with another instance on paper prepared 
with bromide of silver, on which the whole of the space 
occupied by the visible spectrum was darkened down to 
the very extremity of the red rays, but an oxydizing 
action commenced beyond the extreme red, which main- 
tained the whiteness of the paper to a considerable dis- 
tance beyond the last traceable limit of the visible rays, 
thus evincing decidedly the existence of some chemical 
power over a considerable space beyond the least re- 
frangible end of the spectrum. Mr. Hunt also found 
that on the Daguerreotype plate a powerful protecting 
influence is exercised by the extreme red rays. In 
these cases the red and those dark rays beyond them 
exert an action of an opposite nature to that of the violet 
and lavender rays. 
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The least refrangible part of the solar spectrum pos- 
sesses also, under certain circumstances, a bleaching 
property, by which the metallic salts are restored to 
their origiiud whiteness after being blackened by ex- 
posure to common daylight, or to the most refrangible 
rays of the solar spectruni. 

Paper prepared with iodide of silver, when washed 
over with ferrocyanite of potash, blackens rapidly when 
exposed to the solar spectrum. It begins in the violet 
rays and extends over all the space occupied by the dark 
chemical rays, and over the whole visible spectrum 
down to the extreme red rays. This image is colored, 
the red rays giving a reddish tint and the blue a bluish. 
In a short time a bleaching process begins under the red 
rays, and extends upward to the green, but the space 
occupied by tiie extreme red is maintained perfectly dark. 
Mr. Hunt found that a similar bleaching power is exerted 
by the red rays on paper prepared with protocyanide of 
potassium and gold, with a wash of nitrate of silver. 

The application of a moderately strong hydriodate of 
potash to-darkened photographic paper renders it pecu- 
liarly susceptible of "being whitened by further exposure 
to light. If paper prepared with bromide of silver be 
washed with ferrocyanate of potash while under the 
influence of the solar spectrum, it is immediately dark- 
ened throughout the part exposed to the visible rays 
down to the end of the red, some slight interference 
Being perceptible about the region of the orange and 
yellow. After this a bleaching action begins over the 
part occupied by the red rays, which extends to the 
green. By longer exposure an oval spot begins again to 
darken about the center of the Ueached space ; but if 
the paper receive another wash of the hydriodate of 
potash, the bleaching action extends up from the green, 
over the region occupied by the most refrangible rays 
and considerably beyond them, thus inducing a negative 
action in the mqst refrangible part of the spectrum. 

In certain circumstances the red rays, instead of re- 
storing darkened photographic paper to its original 
whiteness, produce a deep red color. When Sir John 
Herschel received the spectrum on paper somewhat 
discolored by exposure to direct sunshine, instead of 
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whiteQess, a red border was formed extending firoA the 
space occupied by the orange, and nearly covering^at 
on which the red fell. When^ instead of ezposiog the 
paper in the first instance to direct sanshme, it was 
blackened by the violet rays of a prismatic spectram, jsr 
by a sunbeam that had undergone the absorptiye action 
of a solution of ammonia-sulphate of copper, the red 
rays of the condensed speetrum produced cm it, not 
whiteness, but a full and fiery red which occupied the 
whole space on which . any of the visible red rays bad 
fidlen, and this i*ed remained unchanged, however kmg 
the paper remained expo9ed to the least refran^ble xaya. 

Sunlight transmitted through red glass pn>di|ceB the 
same effect as the red rays of the spectrum in the fore- 
going experiment. Sir John Herschel placed, an en- 
graving over a paper blackened by exposure to sunshine, 
covering the whole with a dark red-brown glass previ- 
ously ascertained to absorb every ray beyond the orange : 
in this way a photographic copy was obtained in wmch 
the shades were black, as in the original engraving, but 
the lights, instead of being white, were of the red color 
of venous blood, and no omer color could be obtained by 
exposure to light, however long. Sir John ascertained 
that every part of the spectrum impressed by the more 
refrangible rays is equally reddened, or nearly so, by the 
subsequent action of the less refrangible ; thus the red 
rays have the very remarkable property of assimilating 
to their own color the blackness already impressed on 
photographic paper. 

That there is a deoxydating propeity in the more re- 
frangible rays, and an oxydating action in the less re- 
frangible part of the spectrum, is manifest from the 
blackening of one and the bleaching effect of the other ; 
but the peculiar action of the red rays in the experi- 
ments mentioned, shows that some other principle exists 
difierent from contrariety of action. These opposite 
qualities are balanced or neutralized in the region of the 
mean yellow ray. But although this is the general 
character of the photographic spectrum, under certain 
circumstances even the red rays have a deoxydating 
power, while the blue and scarlet exert a contrary influ- 
ence ; but these are rare exceptions. 
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The photographic action of the two portions of the 
solar spectrum being so different, Sir John Herschel 
tried the effect of their united action by superposing the 
less refrangible part of the spectrum over the more re- 
frangible portion by means of two prisms, and he thus 
discovered that two rays of different refrangibility, and 
therefore of different lengths of undulation, acting simul- 
taneously, produce an effect which neither acting sepa- 
rately can do. 

Some circumstances that occurred during the analysis 
of the chemical spectrum seem to indicate an absorptive 
action in the sun's atmosphere. The spectral image 
impressed on paper prepared with nitrate of silver and 
Kochelle salt, commenced at or very little below the 
mean yellow ray, of a delicate lead color, and when the 
action yvas tftrested such was the character of the whole 
photographic spectrum. But when the light of the 
solar spectrum was allowed to continue its action, there 
was observed to come on suddenly a new and much 
more intense impression of darkness, confined in length 
to the blue and violet rays ; and what is most remarka- 
ble, confined also in breadth to the middle of the sun*s 
image, so far at least as to leave a border of the lead- 
colored spectrum traceable, not only round the clear 
and well-defined convexity of the dark interior spectrum 
at the least rerfrangible end, but also laterally along both 
its edges : and this border was the more easily traced 
and less liable to be mistaken fi*om its striking contrast 
of color with the interior spectrum, the former being 
lead gray, the latter an extremely rich deep velvety 
brown. The less refrangible end of this interior brown 
spectrum presented a sharply terminated and regularly 
elliptical contour, the more refrangible a less decided 
one* *' It may seem too hazardous," Sir John continues, 
** to look for the cause of this veiy singular phenomenon 
in a real difference between the chemical agencies of 
those rays which issue from the central portioA of the 
Ban*s disc, and those which, emanating from its borders, 
have undergone the absorptive action of a much greater 
depth of its atmosphere ; and yet I confess myself some- 
what at a loss what other cause to assign for it. It 
must suffice, however, to have thrown out the hint, re- 
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marking only, that I have other, and I am disposed to 
think decisiye, evidence of the existence of an absorptive 
solar atmosphere extending beyond the himinoas one." 
Several circumstances concur in showing that there are 
influences also concerned in the transmission of the pho- ' 
tographic action which have not yet been explained, as 
for example the influence wliich the time of the day 
exercises on the rapidity with which photographic im- 
pressions are made, the sun being much less effective 
two hours after passing the meridian than tVR> hours 
before. There is also reason to suspect that the efleet 
in some way depends on the latitude, since a much 
longer time is required to obtun an image under die 
bright skies of the tropics than in Engkmd, and it is 
even probable that there is a difference in the 8un*s 
Hght in high and low latitudes, because ah unage of the 
solar spectrum obtained on a Daguerreotype plate in 
Vh'ginia by Dr. Draper, differed from a spectral image 
obtained by Mr. Hunt on a similar plate in En^and. 
The inactive spaces discovered in the photograjphic spec- 
trum by M. E. Becquerel similar to those in the lumi- 
nous spectrum, and coinciding with them, is also a phe- 
nomenon of which no explanation has yet been given. 
Although chemical action extends over the whole lumi- 
nous spectrum and much beyond it in gradations of 
more or less intensity, it is found by careful investiga- 
tion to be by no means continuous ; numerous inactive 
lines cross it coinciding with those in the luminous image 
as far as it extends : besides, a very great number exist 
in the portions that are obscure, and which overlap the 
visible part. There are three extra-spectral lines be- 
yond the red, and some strongly marked groups on the 
obscure part beyond the violet ; but the whole number 
of those inactive lines, especially in the dark spaces, is 
so great that it is impossible to count them. 

Notwithstanding this coincidence in the inactive lines 
of the two spectra, photographic energy is independent 
of both light and heat, since it exerts the most powerful 
influence in those rays where they are least, and also 
in spaces where neither sensibly exist ; but tlie trans- 
mission of the sun*s light through colored media makes 
that independence quite evident. Heat and light pass 
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abundantly through yellow glass, or a solution of chro- 
mate of potash ; but the greater part of the chemical 
rays are excluded, and chlorine gas diluted with common 
air, though highly pervious to the luminous and calorific 
principles, has the same effect. Sir John Herschel 
Wnd that a slight degree of yellow London fo^ had a 
similar efiect with that of pale yellow media : he also 
remarked that a weak solution of azolitmine in potash, 
wluch admits a great quantity of green light, excludes 
chemical action ; and some years ago, the author, while 
making experiments on the transmission of chemical 
rays, <%8erved that green glass, colored by oxyde of cop- 
per, about the 20th of an inck thick, excludes the pho- 
tographic rays, and as M. Melloni has shown that sub- 
stance to be impervious to the most refrangible calorific 
rays, it has the property of excluding the whole of the 
most refrangible part of the solar spectrum, visible and 
invisible. Green mica, if not too thin, has also the same 
effiact, whereas amethyst, deep blue and violet-colored 
glasses, though they transmit a verv little light, allow 
the chemical rays to pass freely. Thus light and pho- 
tographic energy may be regarded as distinct and inde- 
pendent properties of the solar beam. 

It is not known whether photographic energy be ab- 
sorbed by material substances or not, neither is it known 
whether it be concerned in ciystalization, and in pro- 
ducing those changes in the internal structure of crystals 
when exposed to the sun, already mentioned ; but the 
power is universal wherever the solar beam faUs, though 
the effect only becomes evident in cases of unstahle mo- 
lecular equilibrium. The composition and decomposi- 
tion of those solids, liquids, and aeriform fluids hitherto 
attributed to light, are chiefly owing to this energy ; and 
as similar chemical changes may be produced by cur- 
rents of electricity, an occult connection between these 
two imponderable influences is shadowed ouU 
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Section XXV. 

Heat— Calorific Rays o( the Solar Spectrum— Experiments of BfM. De 
Laroche and MeUuui on the Transmission of Heat — The Point of neatest 
Heat in the Solar Spectrum varies with the Substance of the Prism — 
Polarization of Heat— Circular Polarization of Heat-^Transmiasion of the 
Chemical Rays^-Absorption of Heat — Radiation of Heat — ^Dew — Hoar 
Frost — Rain — Hail — Combustion — Dilatation of Bodies by Heat— Propa- 
gation of Heat — ^Latent Heat— Heat presumed to ccmsist of the Undcdar 
tions of an Elastic Medium — ^Parathermic Rays— Moser's Discoveries. 

It is not by visioQ alone that a knowledge of the siin^s 
rays is acquired, — touch proves that they have the 
power of raising the temperature of substances exposed 
to their action. Sir William Herschel discovered that 
rays of caloric which produce the seosation of heat, exist 
in the solar spectrum independently of those of light ; 
when he used a prism of flint-glass, he found the warm 
rays most abundant in the dark space a little beyond the 
red extremity of the spectrum — that from thence they 
decrease toward the violet, beyond which they are in- 
sensible. It may therefore be concluded, that the ca- 
lorific rays vary in refrangibility, and that those beyond 
the extreme red are less refrangible than any rays of 
light. Since Sir William Herschel's time it has been 
discovered that the calorific spectrum exceeds the lumi- 
nous one in length in the ratio of 42 to 25, but the most 
singular phenomenon of the calorific spectrum is. its 
want of continuity. Sir John Herschel blackened the 
under side of a sheet of very thin white paper by the 
smoke of a lamp, and having exposed the white side to 
the solar spectrum, he drew a brush dipped in spirit of 
wi«e over it, by which the paper assumed a black hue 
when sufficiently saturated. The heat in the spectrum 
evaporated the spirit first on those parts of the paper 
where it fell with greatest intensity, thereby restoriog 
their white color, and thus he discovered that the ca- 
loric is not distributed uniformly, but in spots of greater 
or less intensity — a circumstauce probably owing to the 
absorbing action of the atmospheres of the sun and 
earth. *' The effect of the former," says Su* John, ** is 
beyond our control, unless we could carry our experi- 
ments to such a point of delicacy as to operate separately 
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on rays emanating from the center and borders of the 
sun's disc ; that of the earth's, thoagh it cannot be elim- 
inated any more than in the case of the sun's, may yet 
be varied to a considerable extent by experiments made 
at great elevations and under a vertical sun, and com- 
pared with others where the sun is more oblique, the 
situation lower, and the atmospheric pressure of a tem- 
porarily high amount. Should it be found that this 
cause 18 in reality concerned in the production of the 
spots, we should see reason to believe that a large por- 
tion of solar heat never reaches the earth's surface, and 
that what is incident on the summits of lofty mountains 
differs not only in quantity, but also in quality, from 
what the plains receive." 

Thus the solar spioctrum is proved to consist of five 
superposed spectra, only three of which are visible — 
the red, yellow, and blue; each of the five varies in 
reirangibility and intensity throughout the whole ex- 
tent, the ^sible part being overlapped at one extremity 
by the chemical, and at the other by the calorific rays ; 
but the two latter exceed the visible part so much, that 
the linear dimensions of the three, the luminous, calo- 
rific, and photographic, are in the proportion of the 
numbers 25, 42, 10, and 55- 10, so that the whole solar 
spectrum is more than twice as long as its visible part. 

That the heat-producing rays exist independewtly of 
light, is a matter of constant experience in the abundant 
emission of them frdm boiling water. Yet there is 
every reason to believe that both the calorific and 
chemical rays are modifications of the same agent 
which produces the sensation of light. Rays of heat 
dart in diverging straight lines from flame, and from 
each point in the surfaces of hot bodies, in the same 
manner as diverging rays of light proceed from every 
point of the surfis^es of such as are luminous. Accord- 
ing to the experiments of Sir John Leslie, radiation 
proceeds not only from the surfaces of substances, but 
also from the particles at a minute depth below it. He 
found that the emission is most abundant in a direction 
perpendicular to the radiating surface, and that it is 
more rapid from a rough than from a polished surface : 
radiation, however, can only take place in air and in 
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vacuo; it is altogether imperceptible when the hot 
body is inclosed in a solid or liquid. Heated substances, 
when exposed to the open air, continue to radiate 
caloric till they become nearly of the temperature of 
the surrounding medium. The radiation is very rapid 
at first, but diminishes according to a known law yiiidi 
the temperature of the heated body. It appears, also, 
that the radiating power of a surface is inversely as its 
reflecting power ; and bodies that are most impermea- 
ble to heat radiate least. 

Kays of heat, whether they proceed from tiie sun, 
from flame, or other terrestrial sources, luminous or 
non-luminous, are instantaneously transmitted through 
solid and Uquid substances, there being no appreciable 
difference in the time they take to pass through layers 
of any nature or thickness whatever. They pass also 
with the same facility whether the media be agitated 
or at rest ; and in these respects the analogy between 
light and heat is perfect. Radiant heat passes through 
the gases witJi the same facility as light ; but a remark- 
able difference obtains in the transmission of light and 
heat through most solid and liquid substances, the same 
body being often perfectly permeable to the luminous 
and altogether impermeable to the calorific rays. For 
example, thin and perfectly transparent plates of alum 
and citric acid sensibly transmit all the rays of Ught 
from an argand lamp, but stop eight or nine tenths of 
the concomitant heat ; while a large piece of brown 
rock crystal gives a free passage to the radiant heat, 
but intercepts almost all the light. M. Melloni has 
established the general law in uncrystalized substances 
such as glass and liquids, that the property of instanta- 
neously transmitting heat is in proportion to their re- 
fractive powers. The law, however, is entirely at fault 
in bodies of a crystaline texture. Carbonate of lead, 
for instance, which is colorless, and possesses a veiy 
high refractive power with regard to light, transmits 
less radiant heat than Iceland spar or rock-crystal, 
which are very inferior to it in the order of refran- 
gibility ; whUe rock-salt, which has the same transpa- 
rency and refractive power with alum and citric acid, 
transmits six or eight times as much caloric. This 
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remarkable difference in the transmissive power erf sub- 
gtances having the same appearance, is attributed by M. 
Melloni to their crystaHne form, and not to the chemical 
composition of their molecules, as the following experi- 
ments prove. A bloclc of common salt cut into plates, 
entirely excludes calorific radiation ; yet when dissolved 
in water, it increases the transmissive power of that 
liquid : moreover, the transmissive power of water ]a 
mcreased in nearly the same degree, whether salt or 
alum be dissolved in it; yet tiiese two substances 
transmit very different quantities of heat in their solid 
gtate. ' Notwithstanding the influence of crystalization 
on the transmissive power of bodies, no relation has 
been traced between tiiat power and the crystaline form. 
The transmission of radiant heat is analogous to that 
of Ught through colored media. When common white 
li^t, consisting of blue, yellow, and red rays, passes 
through a red liquid, almost all the blue and yellow rays, 
and a few of tiie red, are intercepted by the first layer 
of the fluid ; fewer are intercepted by the second, stiD 
less by the third, and so on : till at last the losses become 
very small and invariable, and those rays alone ore 
transmitted which give the red color to the liquid. In 
a similar manner, when plates of the same thickness of 
any substance, such as glass, are exposed to an argand 
lamp, a considerable portion of the radiant heat is ar- 
rested by tiie first plate, a less portion by the second, 
still less by the third, and so on, the quantity of lost 
heat decreasing till at last the loss becomes a constant 
quantity. The transmission of radiant heat through a 
solid mass follows the same law. The losses are very 
considerable, on fii-st entering it, but they rapidly dimin- 
ish in proportion as the heat penetrates deeper, and 
become constant at a certain depth. Indeed, the only 
difference between the transmission of radiant heat 
through a solid mass, or through the same mass when 
cut into plates of equal thickness, arises from the small 
quantity of heat that is reflected at the surface of the 
plates. It is evident, therefore, that the heat grad- 
ually lost is not intercepted at the surface, but absorbed 
in the interior of the substance, and that heat which 
has passed through one stratum of air experiences a less 
14 s5i 



atmnrirtioii in eadi of tiie muieeedmg ilntftv and mf 
tiberennre be; propioited to a. greater diataiiee before ift 
Ii< exttngaiflhed. The ezperiineiita of M. de liarpolHI 
^Wk that glasa, however tibin, totality intefc^iti tliit 
obecnre rays of cakxrio when thejr fl^ from a bo^f 
idioae temperatore is lower than mat of boUioig .waftar } 
llud; as the tempenttm increases, the calorifio jriQF».>ai0 
tcansmitl^ more and more abundantly ; and when. Aa 
body becomes high]|y hzminons, that they peaetrate thai 
I^Ms with perfect ease. The eztzeme brillhuHgr of the 
aim is probal^ the reason why his heat, when-brao^t la 
afbons by a lens, is more intoMo than av^ that faas'heeA 
pirodoced artifidally. It is owing to the Baaaeeaiiaa 
that ghtfs screensf which entirely exdnde the heat af a 
common fire, are permeable by the solar calovia. - 

The results obtained by M. de Laroche ha]re beeai 
confirmed by the recent experiments of M. MaUoui oa 
caloric radiated from sonrces- of dififeient tempeijatarea^ 
whence it appears that the calorific rajrs pass leaaabnn- 
dantiy not only throng^ glass, bat tiiroa«i rot^-crptaik 
Iceland-spar, and ot&r diaphanons bodies, both solid 
«nd liquid, according as the temperature of their origia 
is diminished, and &at they are altogether interc^itdd 
^en the temperature is about that of boiling water. 

In fact, he has proved that the heat emanating from 
the sun or from a bright flame consists of rays which 
differ from each other as much as the red, yellow, and 
blue rays do which constitute white light. This ex- 
plains the reason of the loss of heat as it penetrates 
deeper and deeper into a solid mass, or in passing 
through a series of plates ; for, of the different kinds c? 
rays which dart from- a vivid flame, all are successively 
extinguished by the absorbing nature of the substance 
through which they pass, till those homogeneous rays 
alone remain which have the greatest facitity in passing 
through that particular substance ; exactly as in a red 
liquid the blue and yellow rays are extinguished, and 
the red are transmitted. 

M. Melloni employed four sources of caloric, two of 
which were luminous and two obscure ; namely, an oil- 
lamp without a glass, incandescent platina, copper 
heated to 696°, and a copper vessel filled wi^ wator at 
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the temperature of 178}° of Fahrenheit. Kock-salt 
transmitted heat in the proportion of 92 rays out of 
100 from each of these sources; but all other sub- 
stances pervious to radiant heat, whether solid or 
liquid, transmitted more caloric from sources of high 
temperature than from such as are low. For instance, 
limpid and colorless fluate of lime transmitted in the pro- 
portion of 78 rays out of 100 from the lamp, 09 from 
tiie platina, 42 from the copper, and 33 from the hot 
water; while transparent rock-crystal transmitted 38 
rays in 100 from the lamp, 28 from the platina, 6 
from the copper, and 9 from the hot water. Pure ice 
transmitted only in the proportion of 6 rays in tlfo 100 
from the lamp, and entirely excluded those from the 
other three sources. Out of 39 different substances, 
34 were pervious to the calorijfic rays from hot water, 
14 excluded those from the hot copper, and 4 did not 
transmit those from the platina. 

Thus it appears that heat proceeding from these four 
sources Ls of different kinds : this difference in the na- 
ture of the calorific rays is also proved by another ex- 
periment, which will be more easily understood from 
the analogy of light. Ked light emanating from red 
glass, will pass in abundance through another piece of 
red glass, but it will be absorbed by green glass : green 
rays will more readily pass through a green medium 
than through one of any other color. This holds with 
regard to t& colors ; so in heat. Rays of caloric of the 
same intensity, which have passed through different 
substances, are transmitted in different quantities by the 
same piece of alum, and are sometimes stopped alto- 
gether ; showing that rays which emanate from different 
substances possess different qualities. It appears that 
a bright flame furnishes rays of heat of all kinds, in the 
same manner as it gives light of all colors ; and as col- 
ored media transmit some colored rays and absorb the 
rest, so bodies transmit some rays of caloric and ex- 
clude the others. Kock-salt alone resembles colorless 
transparent media in transn)itting all kinds of caloric, 
even the heat of the hand, just as they transmit white 
light, consisting of rays of all colors. 

The property of transmitting the calorific rays di- 
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miniflhes to a certain degree with the tftddmeM of iStm 
bodj they have to trayierse, but Dot so much as iid|^ 
be expected. A piece of veiy transparent ahim tiaiis- 
mittea tluree or four times less radiant heat from tlie 
flame of a lamp than a piece of nearty opaqne qfuttt 
about a hundred times as thick. Howerer, the 'mfln-^ 
ence of Uiickness tipon the phenomena of tmnsmissiiptt 
increases with the decrease of temperatore in llw 
or^;in of the raya, and becomes yerj great when that 
temperature is low. This is a ciltsnmstance intimata^ 
connected with the law established by M. de Liarodie ; 
for M. ' Melioni observed that the difference between 
the qoantities of cabric tnmsmitted by the same ptata 
oCgfoss, exposed successively to several soorcea of heatj^ 
diminished with the tlunness of the plate, and ▼aniahed 
altogetiier at a certain limit; and tliat a film of mica 
transmitted the same quantity of calcnic, wfaetfa«r it 
was exposed to incandescent pktina or to a mass of bron 
heated to 360<>. 

Colored glasses transnut rays of fiffht of certain 
degrees of refrahgibility, and absorb Umme of other 
d^rees. For example, red glass absorbs tlie more' 
re&angible rays, and transmits the red, Which are the 
least refrangible. On the contrary, Tiolet glass absorbs 
the least refrangible, and transmits the violet, which 
are the most refrangible. Now M. Melioni has found, 
that although the coloring matter of glass diminishes its 
power of transmitting heat, yet red, orange, yeUow, 
blue, violet, and white glass transmit calorific rays of all 
degrees of refrangibility. Whereas green glass possesses 
the peculiar property of transmitting the least refrangi- 
ble calorific rays, and stopping those that are most re- 
frangible. It has therefore the same elective action 
for heat that colored glass has for light, and its aclaon 
on heat is analogous to that of red glass on light. Alum 
and sulphate of lime are exactly opposed to green glass 
in their action on heat, by transmitting the most re- 
frangible rays with the greatest facility. 

The heat which has ah-eady passed through green or 
opaque black glass will not pass through fdum, while 
that which has been transmitted through glasses of 
other colors traverses it readij^. 
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By reversing the experiment, and exposing difToreut 
substances to caloric that had already passed through 
alum, M. Melloni found that the heat emerging from 
alum is almost totally intercepted by opaque substances, 
and is abundantly transmitted by all such as are trans- 
parent and colorless, and that it suffers no appreciable 
loss when the thickness of the plate is varied within 
certain limits. The properties of the heat therefore 
which issues from alum, nearly approach to those of 
light and solar heat. 

Kadiant heat in traversing various media is not only 
rendered more or less capable of being transmitted a 
second time, but, according to the experiments of Pro- 
fessor PoweU, it becomes more or less susceptible of 
being absorbed in different quantities by black or white 
surfaces. 

M. Melloni has proved that solar heat contains rays 
which are affected by different substances in the same 
way as if the heat proceeded from a terrestrial source ; 
whence he concludes that the difference observed be- 
tween the transmission of terrestrial and solar heat 
arises from the circumstances of solar heat containing all 
kinds of caloric, while in other sources some of the kinds 
are wanting. 

Kadiant heat, from sources of any temperature what- 
ever, is subject to the same laws of reflection and re- 
fraction as rays of light. The index of refraction from 
a prism of rock-salt determined experimentally, is nearly 
the same for light and heat. 

Liquids, the various kinds of glass, and probably all 
substances, whether solid or liquid, that do not crystal- 
jze regularly, are more ]:)ervious to the calorific rays 
according as they possess a greater refractive power. 
For example, the chloride of sulphur, which has a high 
refractive power, transmits more of the calorific rays than 
the oils, which have a less refractive power : oils trans- 
mit more radiant heat than the acids ; the acids more 
than aqueous solutions ; and the latter more than pure 
water, which of all the series has the least refractive 
power, and is the least pervious to heat. M. Melloni 
observed also, that each ray of the solar spectrum follows 
the same law of action with that of terrestrial rays hav« 
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b^ liieir origui ia toofceft of differed tetttpertJ, ur e » t ao 
dmi the very zefimngible nys may he compared to ifae 
lioai omanatkiig^from a foeaa of high tomperatrnw^ iii^ 
tiio least r^rangilile to the heat wfaioli comim frnp k 
Mmee of low tempentfxiire. Thtu if llie tahM& i^ 
emerging from a priain be made to peiM lAirot^a li^f«£ 
of water eontained between two plates of ^^auss, it wm* 
be found that these rays snfier a loss in passing lliroa|^ 
the liqnid, as mnoh greater as dieirrefnu^baHy is loid, 
The rays of heat that are mixed witih tlie Uoe or>lbiBk 
light pass in great abondance^ while those in die ofasenre 
part which follows tihe red li^ are almost; totally hUt&i^ 
eepted. The first, dierefoie, act like llie heat of m^ 
kunp, and jSm last like tibuUr of bmling water. ' ' 

These circumstances explain the idienomena obsemed . 
by several philosophers will regud to the xMmit. cl 
ffoeatest heat in tibie solar speetrum, which vanes Widi 
3ie substance of the prism. Sir Williaoi Herschel^ 
who employed a prism of flint glass^ fomid that point tf 
be a' little beyond the red extremij^ -of the apectmm i 
but according to M. Seebeck, it is found to be upon tlie 
yeUow, upon the orange, on the^ red, or 'at tibe dark 
nmit c^ tbe red, according as the prism consists of 
water, sulphuric acid, crown or flint glass. If it be 
recollected that in the spectrum from crown g^ass, the 
maximum heat is in the red part, and that the solar 
rays, in b'aversing a mass of water, sufler losses inyerseiy 
as tiieir refrangibility, it will be easy to understand file 
reason of the phenomenon in question. The solar heat 
which comes to the anterior face of the prism of water 
consists of rays of all degrees of refrangibility. Now, 
the rays possessing the same index of refraction widi 
the red light sufler a greater loss in passing tiirough the 
prism than the rays possessing the relraingibility of the 
orange light, and the latter lose less in their passage than 
the heat of tlie yeUow. Thus the losses, being inversely 
proportional to the degree of refrangibility of each ray, 
cause the point of maximum heat to tend from the red 
toward the violet, and therefore it rests upon tbe yellow 
part. The prism of sulphuiic acid acting similar^, but 
with less energy than that of water, throws the point of 
greatest heat on the orange ; for the same reason, the 
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crown and flint glass prisms transfer that point respec- 
tively to the red and to its limit. M. Melloni, observing 
that tiie maximnm point of heat is transferred farther 
and farther toward the red end of the spectrum, ac- 
cording as the substance of the prism is more and more 
permeiable to heat, inferred that a prism of rock-salt, 
which possesses a greater power of transmitting the 
calorific rays than any known body, ought to throw the 
point of greatest heat to a considerable distance beyond 
the yisible part of the spectrum, — an anticipation which 
experiment fully confirmed, by placing it as much be- 
yond the dark limits of the red rays as the red part it 
distant from the bluish green band of the spectrum. 

In all these experiments, M. Melloni employed a 
thermo-multiplier, — an instrument that measures the 
intensity of the transmitted heat with an accuracy far 
beyond what any thermometer ever attained. It is a 
very elegant application of M. Seebeck^s discovery ot 
thermo-electricity; but the description of this instrument 
is reserved for a future occasion, because the principle 
on which it is constructed has not yet been explained. 

In the beginning of the present century, not long after 
M. Mains had discovered the* polarization of light, he 
and M. Berard proved that the heat which accompanies 
the 8un*s light is capable of being polarized ; but their 
attempts totally failed with heat derived from terrestrial, 
and especially from non-luminous sources. M. Berard, 
indeed, imagined that he had succeeded ; but when his 
experiments were repeated by Mr. Lloyd and Professor 
Powell, no satisfactory result could be obtuned. M. 
Melloni lately resumed the subject, and endeavored to 
effect the polarization of heat by tourmaline, as in the 
case of light. It was already shown that two slices of 
tourmaline cut parallel to the axis of the crystal, trans- 
mit a great portion of the incident light when looked 
through with their axes parallel, and almost entirely ex- 
clude it when they are perpendicular to one another. 
Should radiant heat be capable of polarization, the quan- 
tity transmitted by the slices of tourmaline in their for- 
mer position ought greatly to exceed that which passes 
through them in the latter, yet M. Melloni found that 
the quantity of heat was the same in both cases : whence 



ftW FOStAmZATION OF OAMMflU flMfe^nfff 



he inferred that heatfifom a terresfcrii] mndcb k ia 
puble of beiDg polarized. ProfesflKn: Forbes of Sdis- 
bnr^g^ who luts .recentigr proseooted^ due niliyeot wUh 
great acuteness and success,. came to the sime conolii^ 
don in the first instance ; bat it occurred to huoa, Jibtt tts 
the ineces of toormaJiAe became heated hj[ being Tay 
near the lamp, the secondary zadialaon &oin them rspi- 
dered the veiy small difference in the heat dut Jwit 
transmitted in the two podlaons of the toarmaliiiM im- 
perceptible. The same condnsion had been oome-it 
by M. Melbni ; nevertheless Mr. Forbes JErtioceeded i| 
proving by numerous observations^ that heat, fioia fwoAf . 
ons soorpes was polarized fay the tourmaline ; bnt'tlfiA 
&e effect wfth non-luminons heM was veiy n^mite and 
difficult to perceive, on ac^sount of the seeondaiy mdnir. 
tion. Though light is almost entire]|y enehidea m one 
position of the tourmalines, and transmitted in the other, 
a vast quantity of radiant heat passes throng them in 
all positions. Eighty-four per cent, of the l»at finom an 
axgand Jainp passed through the tourmalines in the case 
where ]i|^ was altogether stopped. . It is only the da&^ 
ference in the quantity of transmitted heat that ^es 
evidence of its polarization. The second slice of ttnn> 
maUne, when perpendicular to the ffrst, stops all the 
light, but transmits a great proportion of heat ; ahun, on 
the contrary, stops almost sSl the heat and transmits the 
light; whence it may be concluded that heat, thou£^ 
intimately partaking the nature of light, and accompany- 
ing it under certain circumstances^ as in reflecti<« and 
refraction, is capable of almost complete separation from 
it under others. The separation has since been per- 
fectly effected by M. Melloni, by passing a beam of lig^ 
through a combination of water and green glass, colcnred 
l^ the oxide of copper. Even when the transmitted 
I^ht was concentrated by lenses, so as to render it almost 
as brilliant as the direct light of the sun, it showed no 
sensible heat. 

Professor Forbes next employed two bundles of lam- 
inae of mica, placed at the polarizing angle, and so cut 
that the plane of incidence of the heat corresponded 
with one of the optic axes of this mineral. The heat 
transmitted through this apparatus was polarized v^en. 
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from a source whose temperature was even as low as 
200^, heat was also polarized by reflection ; but the ex- 
periments, though perfectly successful, are more diffi- 
cult to conduct. 

It appears from the various experiments of M . M el- 
kHii and Professor Forbes, that all ^e calorific rays ema- 
nating from the sun and terrestrial sources are equally 
capable of being polarized by reflection and by refrac- 
tion, whether double or simple, and that they are also 
capable of circular polarization by all the methods em- 
ployed in the circular polarization of light. Plates of 
quartz cut at right angles to the axis of the prism, pos- 
sess the property of turning the calorific rays in any 
direction, while other plates of the same substance from 
a differently modified prism cause the rays to rotate in 
the contrary direction ; and two plates combined, when 
of different affection, and of equal thickness, counteract 
each other^s effects, as in the case of light. Tourmaline 
separates the caloric into two parts, one of which it ab- 
sorbs, while it transmits the other ; in short, the trans- 
mission of radiant heat is precisely similar to that of light. 

Since heat is polarized in the same manner as light, it 
may be expected that polarized heat transmitted through 
doubly refracting substances should be separated into 
two pencils, polarized in planes at right angles to each 
odier; and that when received on an analyzing plate 
they should interfere and produce invisible phenomena, 
perfectly analogous to those described in Section XXII. 
with regard to light (N. 212). 

It was shown in the same section, that if light polar- 
ized by reflection from a pane of glass be viewed through 
a plate of tourmaline, with its longitudinal section verti- 
cal, an obscure cloud, with its center wholly dark, is 
seen on the glass. When, however, a plate of mica 
uniformly about the thirteenth of an Inch in thickness 
is interposed between the tourmaline and the glass, the 
dark spot vanishes, and a succession of very splendid 
colors is seen ; and as the mica is turned round in a 
plane perpendicular to the polarized ray, the light is 
stopped when the plane containing the optic axis of the 
mica is parallel or perpendicular to the plane of polar- 
ization. Now instead of light, if heat from a non-lunu* 
T 
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pofotB tonrce be polarised id liie nmita'er de B c ribe d^ it 
iraght to be transmitted and stopped Igr tile interpoMd 
mica under the same drcamistances under whldi poinv 
ieed light would be tran«Qitt;pd or stepped. Piofiiwut 
Forbes has fondd Hiat this is real^f the case, wliedMr he 
enmldyed heat from himiiKms or non-huttiniNii mnaomn 
and he h^d evidence also of cirenlar and elliptical-^Miiar* 
isation of heat. It therefore follows tliat it Imat wfit9 
visible, under similar circumstances we should MB ite- 
lires perfectly sii^lar to tiiose given, in- Npto S07, nl 
those following; and as these figures are formed br^llia 
interference en unduhdaons of B^t, it may ba iidnred 
that heat, fike light, is propagated fay undmatiomit)ftiab 
ethereal medium, Which interfere under cestaiii condi- 
tions, and produce ficures analogous to tlioee of hgal^ 
It appears also from Mr. Foibes*s eiperimenta, tint tfaa 
undiualions of heat are probably longer than ^tfae^ undo- 
lations of light 

Since the power of penetrating glass increasea is pro* 
portion as the radiating caloric approaches the sttite of 
lig^t, it seemed to indicate that the same |nfinciple takes 
the form of light or heat according to the modificatioii 
it receives, and that the hot rays are only invinble li^it; 
and light, luminous caloric. It was natural to infer, that 
in the gradual approach of invisible caloric to tii& condi- 
tion and properties of luminous caloric, the invisible 
rays must at first be analogous to the least calorific pert 
of the spectrum, which is at the violet extremity^-an 
analogy which appeared to be greater, by all flame 
being at first violet or blue, and only becoming white 
when it has attained its greatest intensity. Thus, as 
diaphanous bodies transmit light vrith the same fiicility 
whether proceeding from the sun or from a ^wworm, 
and as no substance had hitherto been found which in- 
stantaneously transmits radiant caloric coming frt>m a. 
source of low temperature, it was concluded that no 
such substance exists, and the great difference between 
the transmission of light and radiant heat was thus re- 
ferred to the nature of the agent of heat, and not to tlie 
action of matter upon the calorific rays. M. Melloni, 
however, has discovered in rock-salt a substance which 
transmits radiant heat with the same facility whether it 
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originates in the brightest flame or lukewarm water, 
and which consequently possesses the same permeability 
with regard to heat that all diaphanous bodies have for 
light. It follows, therefore, that the impermeability of 
^ass and other substances for radiant heat arises from 
their action upon the calorific rays, and not from the 
principle of caloric. But although this discovery changes 
the received ideas drawn from M. de Laroche*s experi- 
ments, it establishes a new and unlooked-for analogy 
between these two great agents of nature. True it is 
that the separation of the luminous and calorific rays 
•hows that they must owe theb immediate origin to two 
different causes, at the same time it is quite possible 
that these two causes themselves may be only different 
effects of one single cause. The probability of light and 
heat being modifications of the same principle is not 
diminished by the calorific rays being unseen, for the 
condition of visibility or invisibility may only depend 
upon the construction of our eyes, and not upon the 
nature of the agent which produces these sensations in 
us. The sense of seeing may be confined within certain 
limits. The chemical rays beyond the violet end of the 
spectrum may be too raipid, or not sufficiently excursive 
in their vibrations to be visible to the human eye ; and 
the calorific rays beyond the other end of the spectrum 
may not be sufficiently rapid, or too extensive, in their 
undulations, to affect our optic nerves, though both may 
be visible to certain animals or insects. We are alto- 
gether ignorant of the perceptions which direct the car- 
rier-pigeon to his home, or of those in the antennae of 
insects which warn them of the approach of danger; 
nor can we understand the telescopic vision which di- 
rects the vulture to his prey before he himself is visible 
even as a speck in the heavens (N. 213). So likewise 
beings may exist on earth, in the air, or in the waters, 
which hear sounds our ears are incapable of hearing, 
and which see rays of light and heat of which we are 
unconscious. Our perceptions and faculties are limited 
to a very small portion of that immense chain of exist- 
ence which extends from the Creator to evanescence. ^ 
The identity of action under similar circumstances is 
one of the strongest arguments in favor of the common 
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Bitar«ofth6ch0mk»l,id8ib]e,tejdedorifieriji^ Tbmf 
are all ciqpaUe of reflectiQii from polished soriaoM, oif 
refradaon ibnmgh diaphanous snbetancea, of polariafiatioii 
by reflection and bj doobfy refraotang cmtus : none of 
dese rays add senriUy to the weis^t of matter; tbeir 
velocity is prodl^oos; tiiey may be ebncentanitod and 
dispersed tr^ conrex and o6ncaye mvrorB ; lliey jpaas 
wiw equal ucility throng rbck-salt, and are capable of 
radiation ; the 'chemical ravs are subject to liie same 
law of interference witii those of light ; and atthon^ 
the interference of the calorific ngrs has nol; vet been 
proyed directly, the in^rect evidence jdaces it beyond a 
doubt. As the action of matter in so mai^ cases k tihwi 
same on the whole assemblage of n^ visible and 
invisible, wluch constitute a aolur beam, it is ntore lliaM. 
probable that tlie obscure as well as tlie luminous part; is. 
propagated by the undulations of an imponderable ether, 
and consequently comes underlie same laws of anafyais. 
When radiant heat falls upon a surface, part of it is 
reflected and pert of it is absorbed; consequent^ the 
best reflectors possess the least absorbing powers. The 
temperature ot very transparent fluids is not raised by 
the passage of the sun's rays, because they do not 
absort) any of them : and as his heat is very intense, 
transparent solids arrest a very small portion ai it. 
The absorption of the sun*a rays is the cause both of 
the color and temperature of solid bodies. A black 
substance absorbs all the rays of light and reflects none; 
and since it absorbs at the same time all the calorific 
rays, it becomes sooner warm, and rises to a hi^er 
temperature than bodies of any other color. Blue 
bodies come next to black in their power of absorption. 
Of all the colors of the solar spectrum, the blue pos- 
sesses least of the heating power ; and since substances 
of a blue tint absorb all the other colors of the spectrum, 
they absorb by far the greatest part of the calorific rays, 
and reflect the blue where they are least abundant. 
Next in order come the green, yellow, red, and last of 
all, white bodies, which reflect nearly all the rays botili 
of light and heat. However, there are certain limpid 
and colorless media, which in some cases intercept 
caloriflc radiations and become heated, while in other 
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cases they transmit them and undergo no change of 
temperature. 

All substances may be considered to radiate caloric, 
whatever their temperature may be, though with dif- 
ferent intensities, according to their nature, the state of 
their surfaces, and the temperature of the medium into 
which they are brought. But every surface absorbs as 
well as radiates caloric ; and the power of absorption 
is always equal to 'that of radiation ; for under the same 
circumstances, matter which becomes soon warm also 
cools rapidly. There is a constant tendency to an 
equal diffusion of caloinc, since every body in nature is 
giving and receiving it at the same instant : each will be 
of umform temperature when the quantities of caloric 
given and received during the same time are equal, — 
9iat is, when a perfect compensation takes place be- 
tween each and all the rest. Our sensations only 
measure comparative degrees of heat: when a body, 
such as ice, appears to be cold, it imparts fewer calorific 
rays than it receives ; and when a substance seems to 
be warm, — ^for example, a fire, — it gives more caloric 
than it takes. The phenomena of dew and hoar-frost 
are owing to this inequality of exchange; the caloric 
radiated during the night by substances on the surface 
of the earth into a clear expanse of sky is lost, and no 
return is made from the blue vault, so that their tem- 
perature sinks below tiiat of the air, whence they 
abstract a part of that caloric which holds the atmos- 
pheric humidity in solution, and a deposition of dew 
takes place. If the radiation be great, the dew is 
frozen and becomes hoar-firost, which is the ice of dew. 
Cloudy weather is unfavorable to the formation of dew, 
by preventing the free radiation of caloric ; and actual 
contact is requisite for its deposition, since it is never 
suspended in the air like fog. Plants derive a great 
part of their nourishment from this source ; and as each 
possesses a power of radiation peculiar to itself, they 
are capable of procuring a sufficient supply for their 
wants. The action of the chemical rays imparts to all 
substances more or less the power of condensing vapor 
on those parts on which they fall, and must therefore 
have a considerable influence on the deposition of dew. 
t2 
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JUin k finrmed bjr the mixing of two jn^aiM cf air of 
difierent temperatnfes ; the cdkiw pert, by ri iitw tt U ng 
ftom the othef the heat ^rhich holds i^ hi MlBtmi^ oigea- 
tdmm the particies to approach. each gtber and finm 
dbropa of water, which, beoon^Dg too heavy to b« muh 
tallied by ihe atmtephere, sink .t5 the oarfJ^ bj gravitft^ 
tk» in the finrm of rain. The contact ef two atrata of 
air of different ten^ratores, moving r^iidly in> i ^ pp p aitia 
d^ctiona, occasions an abondant preoipitiidoir- jn ioiiD* 
When the masses of air diffinr yeiy nnush. i^ tempen* 
tore, and meet suddenly, hail is f<Hmed. Tb3» bai^lHia 
.firequemjly m hqt plains near a ridge of modntaiiii, as in 
the south of France ; but no ezpknatlim has Wduntio 
been given of the cituse of the severe hail-stanns Ulikii 
occasionally take place on extensive jdainii, within fSttb 
tropics. 

An accumulation of t»i}oric invarial^ prodnoes H^jbSix 
fntii the excep^n of the gases, all bodies wbkh can 
endure the requisite degree of heat williont d0opm»>^ 
aitibn begin to emit light at the same tempejratore;; bnt 
when the quantity of caloric is soi peat as toxendar the 
affinity of their component particles less t^an thMr 
affinity for the oxygen of the atmosphere, a chemicBl 
combination takes pkce with the oxygen, li^bt and h^at 
are evolved, and fire is produced. Combustaon — so 
essential for our comfort, and even existence— 4:akes 
place very easily from the small affinity between the 
component parts of atmospheric air, the oxygen being 
nearly in a free state ; but as the cohesive force of the 
particles of different substances is very variable, difier- 
ent degrees of heat are requisite to produce their com^ 
bustion. The tendency of heat to a state of equal 
diffusion or equilibrium, either by radiation or contact, 
makes it necessary that the chemical combination which 
occasions combustion should take place instantaneously; 
for if the heat were developed progressively, it would 
be dissipated by degrees, and would never accumulate 
sufficiently to produce a temperature high enough for 
the evolution of flame. 

It is a general law that all bodies expand by heat and 
contract by cold. The expansive force of caloric has a 
constant tendency to overcome the atti*action of cohesioni 
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and to separate the constituent particles of solids and 
fluids ; by this separation the attraction of aggregation is 
more and more weakened, till at last it is entirely over- 
come, or even changed into repulsion. By the continual 
addition of caloric, solids may be made to pass into liquids, 
and from liquids to the aeriform state, the dilatation in- 
creasing with the temperature ; and every substance ex- 
pends according to a law of its own. Gases expand more 
than liquids, and liquids more than solids. The expan- 
sion of air is more than eight times that of water, and the 
increase in the bulk of water is at least forty-five times 
greater than that of iron. Metals dilate uniformly from 
Qie freezing to the boiling points of the thermometer; 
the uniform expansion of the gases extends between still 
wider limits ; but as liquidity is a state of transition from 
the solid to the aeriform condition, the equable dilatation 
of liquids has not so extensive a range. This change of 
bulk, corresponding to the variation of heat, is one of the 
most important of its effects, since it furnishes the means 
of measuring relative temperature by the thermometer 
and pyrometer. The rate of expansion of solids varies 
at their transition to liquidity, and that of liquidity is no 
longer equable near their change to an aeriform state. 
There are exceptions however to the general laws of 
expansion; some liquids have a mslximum density corres- 
ponding to a certain temperature, and dilate whether that 
temperature be increased or diminished. For example 
■ — ^water expands whether it be heated above or cooled 
betow 40°. The solidification of some liquids, and es- 
pecially their crystalization, is always accompanied by an 
increase of bulk. Water dilates rapidly when converted 
into ice, and with a force sufficient to split the hardest 
substances. The formation of ice is therefore a pow- 
erful agent in the disintegration and decomposition of 
rocks, operating as one of the most efficient causes of 
local changes in the structure of the crust of the earth ; 
of which we have experience in the tiemendous ebovle- 
ments of mountains in Switzerland. 

The dilatation of substances by heat, and their con- 
traction by cold, occasion such iiTegularities in the rate 
of clocks and watches as would render them unfit for 
astronomical or nautical purposes, were it not for a veiy 
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bemtifol atypBcation of tiie lawa of wieqail mp ui ri aifa 
Tha oflciUatioziB of a pendulbm are the nme at if fts 
whole mass were united in one donse particle^ in a eer- 
tam poii^ of its len^li, called the center of osciBatioB. 
fifliie distance of thMi point from the point hj w)iich the 
pendulnm is suspended were inyariable, the raiaa of file 
clock would be invariable also. The diffieoity is to nan- 
tralize the efibcts-of tempeistnre, which is perpetiui]^ 
increasing or diminishing its lengtb. Among manj. coii« 
trivances, Graham's compensation pendnlniii istfas moat 
simple. He employed a glass tobe contaiidnc nfercory. 
When the tabe expands from the effects m IftSitt the 
mercoxy expands nrach more ; so that its snr&be rises 
ahttle more than liie end of the pendnhim is deptyeaed,, 
and the center of oscillation retnains statUmaiy. Bar^ 
risen imrented a pendulum which consists of seven ban 
of steel and of brass, jomed in the shape of a gridlraii« 
m such a manner that if tjy chan^ of temDoratore .the 
bars of brass raise the weight at the end of tiiependa* 
bun, the bars of steel depress it as much. In general, 
. on^ ^Ye bars are used ; three being of stisel and two a 
nuxture c^ siher aod zinc. The effects of temperature 
axe neutralized in chronometers upon the samie prind^. 
pie ; and to such perfection are tliejr brought, that the 
loss or gain of one second in twenty-four hours for two 
days running would render one unfit for use. Accuracy 
in surveying depends upon the compensation rods em- 
ployed in measuring bases. Thus, the laws of the une- 
qual expansion of matter judiciously applied have an 
immediate influence upon our estimation of time; of 
the motions of bodies in the heavens, and of their fall 
upon the earth ; on our determination of the figure of 
the globe, and on our system of weights and measures ; 
on our commerce abroad, and the mensuration of our 
lands at home. 

The expansion of the crystaline substances takes place 
under very ditfer^.nt circumstances from the dilatation 
of such as are not crystalized. • The latter become both 
longer and thicker by an acession of heat, whereas M. 
Mitscherlich has found that the former expand diflfer- 
ently in different directions ; and in a particular instance, 
extension in one direction is accompanied by contraction 



Oeoi^ XZT. F&OPAGATION OP HEAT. 225 

in another. The internal structure of crystalized mat- 
ter must be very peculiar, thus to modify the expansive 
power of heat, and so materially to influence the trans- 
mission of caloric and the visible rays of the spectrum. 

Heat is propagated with more or less rapidity through 
all bodies ; air is the worst conductor, and consequently 
mitigates the severity oi cold climates by preserving the 
heat imparted to the earth by the sun. On the con- 
trary, dense bodies, especially metals, possess the power 
of conduction in the greatest degree, but the transmis- 
sion requires time. If a bar of iron twenty inches long 
be heated at one extremity, the caloric takes four min- 
utes in passing^to the other. The particle of the metal 
that is first heated communicates its caloric to the sec- 
ond, and the second to the third ; so that the temperature 
of the intermediate molecule at any instant is increased 
by the excess of the temperature of the first above its 
own, and diminished by the excess of its own tempera- 
ture above that of the third. That however will not 
be the temperature indicated by the thermometer, be- 
cause as soon as the particle is more heated than the 
surrounding atmosphere, it loses its caloric by radiation, 
in proportion to the excess of its actual temperature 
above that of the air. The velocity of the discharge is 
directly proportional to the temperature, and inversely 
as the length of the bar. As there are perpetual varia- 
tions in the temperature of all terrestrial substances and 
of the atmo^here, from the rotation of the earth, and 
its rev(^tion round the sun, from combustion, friction, 
fermentation, electricity, fuid an infinity of other causes, 
the tendency to restore the equability of temperature 
by the transmission of caloric must ^ maintain all the 
particles of matter in a state of perpetual oscillation, 
which will be more or less rapid according to the con- 
ducting powers of the substances. From the motion of 
the heavenly bodies about their axes, and also round the 
sun, exposing them to perpetual changes of temperature, 
it may be inferred that similar causes will produce like 
effects in them too. The revolutions of the double stars 
show that they are not at rest ; and though we are to- 
tally ignorant of the changes that may be going on in the 
nebulae and millions of other remote bodies, it is hardly 
15 
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lnra£ matter. 

Heatatiidied^to tilid sioftM of a flald k; |impagatad: 
dowmnurd tgit akni^^ tfaci wvmer and- oooaeq oen tiy 
fij^iter strata always remaining at the top. This is the. 
reason why the water at the r bottom, oClakea M fiuoi 
aljane chams is so oold ; to the heat of the^aaftiatnoMt- 
fc^ed but a little wa^ below the snrflMM* 'When heat 
is.apiflied below a liqaid^ the partidea co«lu ro aHjr.iise» 
ai uey bec(Hiie uiedfietd^ lifter ih owisi^qnenoeef: 
die.calorio, and difflise it throof^ thei mesa» mramplaeei 
being perpetually aa|qiUed«by those tfaat«re:iiMm drase*. 
The.power of conducting heat vanes nM|tBiMlI||&iii M- 
ierent . liquids. Mercury ooiKlucts< twiech «St fiat. as ao' 
equal bulk of water, whidi ia the rea8mr^RAgr«]liaiipaBEa< 
to.be so cdkL A hot body^diffosea itS] ealeiim imtbe . air 
by a double prooesa. The air- ini cioaiAet, vnfit: itibeing 
heated and becoming fights^ e8eejed«> mi: seattaast tta- 
caloric, while at the same time^ aaodMD^partMi i» ^^ 
charged in straight lines by thft^ radiating' pomra<ofi thei 
sur&ce. Hence a substance cot^ m^reT mpid|f in afar 
1}ian<in vacuo, because in the latter oasej the. pgjaeaas is. 
carried, on by radiation alone. It is probable tint the. 
eaith, baying origLnaUy been of very lugh temperatnre, 
has beeome cooler by radiation only* The etheved 
medium must be too rare to carry off much oakurio. 

Besides the degree of heat indicated by the thermom- 
eter^ caloric pervades bodies in an imperceptible or latent 
state ; and their capacity for heat b so various, that vexy 
different quantities of caloric are required to raise differ- 
ent substances to the same sensible temperatnre; it is 
therefore evident that much of the caloric is absoibed, 
or becomes latent and insensible to the thermometw. 
The portion, of caloric requisite to raise a body to a given 
temperature is its specific heat ; but latent heat is that 
portion of caloric which is employed in changing the state 
of bodies from solid to liquid, and from liquid to vapor. 
When a solid is converted into a liquid, a greater quan- 
tity of caloric enters into it than can be detected by the 
thermometer; this accession of caloric does not make 
t^.bodyr warmer, though it converts it into.a liquid, and 
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b the principal cause of its fluidity. Ice remains at the 
temperature of 32° of Fahrenheit till it has combined 
with or absorbed 140° of caloric, and then it melts, but 
without raising the temperature of the water above 32° ; 
so that water is a compound of ice and caloric. On 
the contrary, when a. liquid is converted into a solid, a 
quantity of caloric leaves it without any diminution of 
temperature. Water at the temperature of 32" must 
part with 140° of caloric before it freezes. The slow- 
ness with which water freezes, or ice thaws, is a con- 
^Hjuence of the time required to give out or absorb 140° 
of latent heat. A considerable degree of cold is often felt 
during a thaw, because the ice, in its transition from a 
solid to a liquid state, absorbs sensible heat from the atmos- 
phere and other bodies, and by rendering it latent main- 
tains them at the temperature of 32° while melting. Ac- 
cording to the same principle, vapor b a combination of 
qaloricwith a liquid. By the continued application of 
heati liquids are converted into vapor or steam, which 
is invisible and elastic like common ah*. Under the 
ordinary pressure of the atmosphere, that is, when the 
barometer stands at 30 inches, water acquires a constant 
accession of heat till its temperature rises to 212° of 
Fahrenheit ; after that it ceases to show any increase 
in heat, but when it has absorbed an additional 1000° of 
ealoric it is converted into steam. Consequently, about 
1000° of latent heat exists in steam without raising its 
temperature, and steam at 212° must part with the same 
quantity of latent caloric when condensed into- water. 
Water boils at different temperatures under different 
degrees of pressure. It boils at a lower temperature 
on the top of a mountain than in the plain below, 
because l^e weight of the atmosphere is less at the 
higher station. There is no limit to the temperature 
to which water mi^t be raised ; it might even be made 
red-hot, could a vessel be found strong enough to resist 
the pressure. The expansive force of steam is in pro- 
portion to the temperature at which the water boils ; it 
may therefore be increased to a degree that is only lim- 
ited by our inability to restrain it, and is the greatest 
power that has been made subservient to the wants of 
matif 
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It kfoBiid lliat the absolate qaantity of luBtlf oonvttmed 
itt the proceet of oonvertiDg ¥mt6r into steanr to liie same 
■t i(rbit»wer tempenitare water may bml, bat that the 
ktent heat of steam is tUtwuyn greater exactitf in fihe samid 
fKopoitism as hs sensible heat to leas. Steam nUsed at 
S13° wider diQ ordinaiy pressure of the atmosphere^ 
and steam raised at 180° nnder half that ivressmw, eon* 
tain the same quantity of heat, with thto difference^ that 
the one has more latent heat and less sensible heiattfaaa 
the other. It to evident that the same quantity- of heat 
to reqoisite for ooorerting a given we^jju of water inte 
■team, at whatever temperature or under wfaatovar 
pressure the water may be boiled; and therefinre toi tlie 
steam engine, equal weights of steam at a hifpbi pressure 
and a low pressure are produced by the same quanlily 
of fuel ; and whatever Uie pressure of the steam vmkj 
be, the consumption of fuel to proportional to the quan^ 
tily of water converted into vapor. Steam «t a high 
pressure expands as Boon as it comes into the air, by 
which some of its sensiUe heat becomes latent; and fta 
It naturally has less sens^le heat than steam raised under 
low pressure, its actual temperature to reduced so mudi 
that the hand may be phinged into it without injury the 
instant it issues from llie orifice of a boiler. 

The eksticity or tension of steam, like that of common 
air, varies inversely as its volume ; that to, when the 
space it occupies is doubled, its elastic force to reduced 
one-half. The expansion of steam is indefinite; the 
smallest quantity of water when reduced to the form of 
vapor, will occupy many millions of cubic feet ; a wonder- 
ful illustration of the minuteness of the ultimate parti- 
cles of matter ! The latent heat absorbed in the forma- 
tion of steam to given out again by its condensation. 
. Steam is formed throughout the whde mass of a 
boiling liquid, whereas evaporation takes place only at 
the free surfaces of liquids, and that under the ordinal^ 
temperature and pressure of the atmosphere. There 
to a constant evaporation from the ]and and water all 
over the earth. The rapidity of its formation does not 
altogether depend upon the dryness of the air ; according 
to Dr. Daiton's experiments, it depends also on the dif- 
ference between the tension of the vapOr which to f(nrm* 
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ing and that which is already in the atmosphere. In 
calm weather, vapor accumulates in the stratum of air 
immediately above the evaporating surface, and retards 
the formation of more ; whereas a strong wind accele- 
rates the process, by carrying off the vapor as soon as 
it rises, and making way for a succeeding portion of 
dry air. 

The latent heat of air and all elastic fluids may be 
forced out by sudden compression, like squeezing water 
out of sponge. The quantity of heat brought into action 
in this way is veiy well illustrated in the experiment of 
igniting a piece of timber by the sudden compression of 
air by a piston thrust into a cylinder closed at one end : 
the development of heat on a stupendous scale is exhib- 
ited in liglUming, probably produced in part by the violent 
compression oi the atmqsphere during the passage of 
the electric fluid. Prodigious quantities of heat are 
constantly becoming latent, or are disengaged by the 
changes of condition to which substances are liable in 
passing from the solid to the liquid, and from the liquid 
to the gaseous form, or the contrary, occasioning endless 
vicissitudes of temperature over the globe. 

There are many other sources of heat, such as com- 
bustion, friction, and percussion, all of which are only 
means of calling a power into evidence which ah*eady 
exists. 

The application of heat to the various branches of the 
mechanical and chemical arts has, within a few years, 
effected a greater change in the condition of man than 
had been accomplished in any equal period of his exist- 
ence. Armed by the expansion and condensation of 
fluids with a power equal to that of the lightning itself, 
conquering time and space, he flies over plains, and trav- 
els on. paths cut by human industry even through moun- 
tains, with a velocity and smoothness more like planetary 
than terrestrial motion ; he crosses the deep in opposi- 
tk>n to wind and tide ; by releasing the strain on the 
cable, he rides at anchor fearless of the storm ; he makes 
the elements of air and water the carriers of warmth, 
not only to banish winter from his home, but to adorn it 
even during the snow-storm with the blossoms of spring; 
and, like a magician, he raises, from the gloomy and 
U 
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deep abyss of the mine, the spirit of light to dispel the 
midnight darkness. 

It has been observed that heat, like li^t and sound, 
probably consists in the nndnlations of an elastic medium. 
All the principal phenomena of heat may actually be 
illustrated by a comparison with those of sound. The 
excitation of heat and sound are not only similar but 
often identical, as in friction and percussion ; they are 
both communicated by contact and radiation ; and Dr. 
Young observes, that the effect of radiant heat m raising 
the temperature of a body upon which it falls, resembles 
the sympathetic agitation of a string when the sound of 
another string which is in unison with it is transmitted 
through the air. Light, heat, sound, and the waves of 
fluids, are all subject to the same laws of reflection, and 
indeed their undulatory theories are perfectly similar. 
If, therefore, we may judge from analogy, the undula- 
tions of some of the heat-producing rays must be less 
frequent than those of the extreme red of the solar spec- 
ti-um ; but the analogy is now perfect, since the hiter- 
ference of heat is no longer a matter of doubt'4 iience 
the interference of two hot rays must produce cold ; 
darkness results from the inteHerence of two imdula- 
tions of light ; silence ensues from the interference of 
two undulations of sound ; and still water, or no tide, is 
tho consequence of the interference of two tides. The 
propagation of sound, however, requires a much denser 
medium than that either of light or heat ; its intensity 
diminishes as the rarity of the air increases ; so that, at 
a very small height above the surface of the earth, the 
noise of the tempest ceases, and the thunder is heard 
no more in those boundless regions where the heavenly 
bodies accomplish their periods in eternal and sublime 
silence. 

A consciousness of the fallacy of our senses is one of 
the most important consequences of the study of nature. 
ITiis study teaches us that no object is seen by us in its 
true place, owing to aberration ; that the colors of sub- 
stances are solely the effects of the action of matter upon 
light ; and that light itself, as well as heat and sound, are 
not real beings, but more modes of action communicated 
to our perceptions by the nerves. The human frame 
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m«y therefore be regarded as an elastic system, the dif- 
ferent parts of which are capable of receiving the tremors 
of elastic media, and of vibrating in nnison with any num- 
ber of siii>erposed undulations, all of which have their 
perfect and independent effect. Here our knowledge 
ends ; the n^sterious influence of matter on mind will 
in all probabiUty be farerer hid from man. 

A series of experiments by Sir John Herschel has 
disclosed a liew set of obscure rays in the solar spec- 
trum, which seem to bear the same relation to those of 
heat that the photographic or chemical rays bear to the 
himmous. They are situate in that part of the spec- 
trum 'which is occupied by the less refrangible visible 
colors; and have been named by their discoverer Parather- 
mic rays. It must be held in remembrance that the 
region of greatest heat in -the solar spectrum lies in the 
dark space beyond the visible red. Now Sir John Her- 
schel found that in experiments with a solution of gum 
guaiacuin in soda, which gives the paper a green color, 
the green, yellow, orange, and red rays of the spectrum 
inviEiriably discharged the color, while no effect was pro- 
duced by 'the extra-spectral rays of caloric, which ou^t 
to have had the greatest effect, had heat been the cause 
•of 'the phenomenon. When an aqueous solution of 
chlorine was poured over a slip of paper prepared with 
gum guaiacum dissolved in soda, a color varying fibom a 
>deep somewhat greenish hue to a fine celestial blue was 
^en4» it; and when the solar spectrum was thrown 
on tiie paper while moist, the color was discharged from 
an the space under the lisss refrangible luminous rays, 
•at the same time that the more distant thermic rays 
beyond the spectrum evaporated the moisture from the 
space on which they fell : so that the heat spots became 
apparent. But the spots disappeared as the paper 
^ed, leaving the surface unchanged ; while the photo- 
grai^iG impression within the visible spectrum increased 
in » intensity, the non-luminous thermic rays, though 
•evidently active cls to heat, were yet incapable of effect- 
ing that peculiar chemical change which other rays of 
much less heating power were all the time producing. 
Sbr John having ascertained that an artificial heat from 
180° to 280° of Fahrenheit changed the green tint of 
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; fbat it had no mKHpL effect when inr^h» Ibat^fm 
Ivied whether heat &om a hot iron a|^pfied to 4ie hpok 
of the p^)er uped in the last-mentioned e^qpfinna^ 
^ndiile under the influence of ^e solar spectrom naAjt 
not assist the action of the calorpfic raya; but insteadsf 
doing ^, it greatly accfderated the diBooJorafion oivarliMi 
spaces occupied by the less re&angiUe fays, but had no 
effect on the extrarspectral region ni mudmuinL Iwat 
CMbvcuie terrestrial heat therefore ia capable of i^wisthig 
and being assisted in efedSng this peculiar change 1^ 
tibose rays pf the spectrum* whether luminous or Aetv* 
mic, wluch occupy its red, yeUow, and green Tegbmi, 
while on the other hafld jt.te<tei¥es no such ussirtsncia 
£rom the pore^y thermic rays beyond 4^ spectrum 
acting under similar cocumstanpes jvod in an equal state 
of condensation. ^ ' 

The conclusions drawn from these ezperibieiits are 
confirmed by that which follows: afthoto^n^Ads-pietore 
fomed on paper prepared with, a mixture of tiyo mtar 
tiums of ammonia-citrate of iron and fern>*sesqnioyiii|to 
of potash in equal parts, then thrown into water, and 
afterward dried, will be blue and negatiTe, that is tP 
say, the lights and shadows wiH be the rererae of iHist 
they are in nature. K in this state the paper be washed 
with a solution of proto-nitrate of mercury, the picture 
will be discharged : but if it be well washed and dried 
and a hot smoothing iron passed over it, the picture in- 
stantly reappears, not blue, but brown: if kept ^me 
weeks in tlus state in perfect darkness between the 
leaves of a portfolio, it fades and almost entirety vanishes, 
but a fresh application of heat restores it to its full origi* 
nal intensity. This curious change is not the joffect of 
light, at least not of light alone. A certain temperature 
must be attained, and that suffices in total darkness : yet 
on exposing to a very concentrated spectrum a slip of the 
paper used in the last experiment, after the uniform 
blue color has been discharged and a white ground left, 
this whiteness is changed to brown over die whole re- 
gion of the red and orange rays, but not beyond the 
luminous spectrum. 

Sir John thence concludes— Ist. That it is the heat 
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of thea^ rays, not their light, which operates the 
change; 2dly. That this heat possesses a peculiar 
chemical quality which is not possessed by the purely 
calorific rays outside of the visible spectrum, though far 
more intense ; and, 3dly. That the heat radiated from 
obscurely hot iron, abounds especially in rays analogous 
to those of the region of the spectrum above indicated. 

Another instance of these singular transformations 
may be noticed. The pictures formed on cyanotype 
paper, rendered more sensitive by the addition of cor- 
rosive sublimate, are Hue on a white ground and posi- 
tive, that is, the lights and shadows are the same as in 
nature, but by the application of heat, the color is 
changed from blue to brown, from positive to negative ; 
even by keeping in darkness the blue color is restored, 
as well as the positive ckaracter. Sir John attributes 
this as in the former instance to certain rays, which re^ 
garded as rays of heat or light, or of some influence avi 
generis accompanying the red and orange rays of the 
spectrum, are also copiously emitted by bodies heated 
short of redness. He thinks it probable that these in- 
visible parathermic rays are the rays which radiate 
from molecule to molecule in the interior of bodies, that 
they determine the discharge of vegetable colors at the 
boiling temperature, and also the innumerable atomic 
transformations of organic bodies which take place at 
the temperature below redness, that they are distinct 
from those of pure heat, and that they are sufficiently 
identified by these characters to become legitimate ol>- 
jects of scientific discussion. 

The calorific and parathermic rays appear to be so 
intimately connected with the discoveries of Messrs. 
Draper and Moser that the subject of solar radiation 
would be imperfect were they omitted. The dis- 
covery of Daguerre shows that the action of light on 
the iodide of silver renders it capable of condensing the 
vapor of mercury which adheres to the parts affected 
by it. Professor Moser of Kdnigsberg has proved that 
the same effect is produced by the simple contact of 
bodies, and even by their very near juxta-position, and 
that in total darkness as well as in light. This dis- 
covery he announced in the following words : ^' If a 
u2 
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(WirfiieeluHr been tmiched in any peitienhr'Fttrfeilrv- aaiy 
;body, it acquires the property ii precmbitiiig dl ^?»- 
pora, and tiiese adhere to ft or oomlnne 4liemiallv- wifli 
jt on thpee ^Mta differently to what tfiey do cm xb» nn- 
toocbed ipavtB." If we -write on a jAate cC f^aas at mxf 
amooth anrftce ^wfaiAever with blotting picpeiv tf fannh, 
or airpliiing else, and ^en elean it; the enaraeteta al- 
wi^ req^iear if tiie plate or aurfitee be bareathed upon, 
'and the same efSoct mt^ be*produced even on tiieaor- 
■free of merwMfy-; nor ia abaohite contact nepeaaai j . tf 
■ft acreen oat -in;a 'pattern be hM orer a pofiabda me- 
JtaUic niHaceat a anulll distance^ and 4he wnde Inmrilied 
Wn : after the nqpor has enqiorated so that no traee is 
left <on the anrnee, the pattern cornea oat ti^te'ftit 
bifiealhed on aeiihi. 

•E^rofeasor Moser proved tiiat bodies exert a viary dd- 
inded influence upon each -other, fay placing obiiBat cot 
atones, --pieces of horn, and o&er anbstancea, a diiHrt 
time on a warm metallic 'pkte ; when the aubatanoe 
aras vemofed no imptfession appeared tn flie plate tiB it 
was breathed upon or exposed io the vtoor ca meremy, 
ani^liien ^ese vapors adhered only 1» me parts where 
the substance had been placed, mriufig cUsthKit images, 
which 4n some 'cases were permanent after ttte vapcn: 
was removed. Similar impressions were obtodned on 
glass and other substances even when the bodies were 
not in contact, and the results were the «ame wliether 
the experiments were performed in light or in darkneiBs. 

Mr. Hunt has shown that many of these 4)henomen8 
depend on difTerence of temperature, and timt in order 
to obtain good impressions dissimilar metals must be 
used. For example, gold, silver, bronze, and copper 
coins were placed on a plate of copper too hot to be 
touched, and allowed to remain till the plate cooled ; 
all the -coins had made an impression, the distinctness 
and intensity of ^v^dnch was in the order of the metals 
named. When the plate was exposed to the vapor of 
mercury the result was the same, but when the vapor 
was =wiped off, the gold and silver coins only had left 
permanent images on the copper. These impressions 
are often minutely perfect whether the coins are in 
actual contact with the plate or | of an inch above It. 
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The mass of the metal has a material influence on the 
result ; a hrge copper coin makes a better impression 
cm a copper plate than a small silver coin. Whepi coins 
of different metals are placed on the same plate they 
mterfere with each other. 

When, instead of being heated, the copper plate 
was cooled by a freezing mixture, and bad conductors of 
heat laid upon it, as wood, paper, glass, dec., the result 
was similar, shoindng that the phenomena could be pro- 
duced by atqr disturbance of the caloric latent in the 
substances. 

There can be no doubt that these phenomena are 
tuuveraal, since all substances are more or less sensitive 
to light, which must produce innumerable changes in 
*the nature of terrestrial things, especially in the vege- 
table 'tribe, by the power it gives of condensing vapor 
^andtconsequently the deposition of dew. 

(Red and orange-colored media, smoked glass, and all 
bodies that transmit or absorb the caloriftc rays freely, 
leave strong ^impressions on a plate of copper whether 
■they be in contact or | of an inch above the plate. The 
'Strongest proof that heat is concerned in some at least 
of these ;phenomena is evident. For instance, a solar 
spectrum c<mcentrated by a lens was thrown on a pol- 
ished plate of copper and kept on the same spot by a 
fheliostat for -one, two, or three hours ; when exposed 
to mercurial vapor a fihn of the vapor covered the plate 
where the difiiised light which always accompanies the 
-solar spectrum had &]len ; on the obscure space occu- 
Tpied by the inaximum heating power of Sir William 
Herschel, and also the great heat spot in the thermic 
spectrum of Sir John Herschel, the condensation of the 
mercury was so thick that it stood out a distinct white 
spot on the plate, while over the whole space that had 
-been under the visible spectrum the quantity of vapor 
was much less than that which covered the other parts, 
affording distinct evidence of a negative effect in the 
luminous spectrum, and of the power of the calorific 
rays, which is not always confined to the surface of the 
metal, since in many instances'the impressions are formed 
•to a considerable depth below it, and consequently are 
permanent. 
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Mr. Hont observing liiat a black substance leaves a 
stronger impressicm on a metallic snr&ce than a wbifie, 
applied the property to the art of thermography, by 
which he copies prints, wood-cuts, writing, and pruitin|^ 
on copper amalgamated on one surface and hi^bly p»- 
ished, merely by pladng the object to be copied 
smoothly on tne metal and pressing it into close contact 
by a plate of glass : after some hoars the plate is snh- 
jected to tiie vapor of mercnry and afterward to that of 
iodine, when a black and accurate hnprossion of the 
object comes out on a gray ground. Effects similar to 
those attributed to heat may also be produced fay elec- 
tricity : Mr. Karsten, by placing a ^ss plate upon one 
at metal, and on the glass plate a medal subjected to 
discharges of electricity, found a perfect image of the 
medal impressed on the glass, which could be broii|^ 
into evidence by either mercury or iodine ; and wnm 
several plates of glass were interposed between the 
medal and the metallic plate, each plate of ^ass re- 
ceived an image on its upper sur&oe after the passage 
of electrical discharges. These dischargee have the 
remarkable power of restoring impressions that have 
been long obliterated from plates by polishing; a proof 
that the disturbances upon which these phenomena 
depend are not confined to the surface of the metals, 
but that a very decided molecular change has taken 
place to a considerable depth. Mr. Hunt's experiments 
prove that the electro-negative metals make the most 
decided images upon electro-negative plates, and vice 
versa. M. Matteucci has shown that a discharge of 
electricity does not visibly affect a polished silver plate, 
but that it produces an alteration which renders it capa- 
ble of condensing vapor. 

M. Fizeau ascribes a numerous class of these phe- 
nomena to the action of a slight layer of organic or fatty 
matter on the surfaces, which, being volatile, is trans- 
ferred to any body near, in a greater or less quantity ac- 
cording to the distance ; that is, according as the sur- 
face projects or sinks into hollows. When the different 
parts of a surface are unequally soiled by extraneous 
bodies, even in the minutest quantity, the condensation 
of mercurial vapor is effected in a manner visibly dif- 
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ferent on its different parts, and therefore images are 
formed. Although this explains various phenomena, it 
does not apply to those already described, as Mr. Hunt 
had taken the precaution to divest the substances he 
used of every trace of organic matter. 

It is difficult to see to what cause Mr. Hunt's experi- 
ments on the reciprocal action of bodies in total darkness 
can be attributed, unless perhaps to a constant radiation 
of some peculiar principle from their surfaces, which 
really seems to exist. 

The impression of an engraving was made by laying 
it fiice downwards on a silver plate iodized, and placing 
an amalgamated copper plate upon it: it was left in 
darkness fifteen hours, when an impression of the en- 
raraving had been made on the amalgamated plate, 
mrough the paper. 

As the same may be obtained on plates of iron, zinc, 
or lead, it is evident that this result is not the effect of 
chemical rays. 

An iodized silver plate was placed in darkness with a 
coil of string laid on it, and with a polished diver plate 
suspended one eighth of an inch above it ; after four 
hours they were exposed to the vapors of mercury, 
which became uniformly deposited on the iodized plate, 
but on the silver one diere was a sharp image of the 
string, so. that this imagiB was formed in the dark, and 
even without contact. Coins or other objects leave 
their impressions in the same manner with perfect 
sharpness and accuracy, when brought out by vapor 
without contact, in darkness, and on simple metels. 

Heat, electricity, and the evaporation of unctuous 
matter, may account for some of these phenomena, but 
others clearly point at some unknown influence exerted 
between the surfaces of solid bodies, and affecting their 
molecular structure so as to determine the precipitation 
of vapors, an influence which in all probability will ulti- 
mate^ be found to be either the parathermic rays of 
Sir John Herschel, or intimately connected with them. 
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Section XXVI. 

Atmosphere of the Planets and the Moon— Constitotimi of the Son— Esti- 
mation of the Sun's fiight— His Influence on the diilbnnt FIanet»— 
Temperature of Space— Internal Heat of the Earth— Zona of Ccststant 
Temperature — ^Heat •increases with the Depth— Heat in Mines and 
Wells— Thermal Springs— Central Heat— Volcanic Action — The Heat 
above the Zone of Constant Temperature entirety fitom the Sun- The 
Quantity of Heat annually received from the Sun— Isoffeothermal Lines 
— Distribution of Heat on the Earth— Climate— Line of Perpetnal Con- 
gelation—Causes affecting Climate— Isothermal Lines — ^BzoeasiTe CU^ 
mates— The same Quantity of Heat annually received and radiated by 
the Earth. 

The ocean of light and heat perpetually flowing fit>m 
the sun, must affect liie bodies of the system very differ- 
ently, on accomit of the varieties in their atmospheres, 
some of which appear to be very extensive and dense. 
According to the observations of SchrOeter, the atmos- 
phere of Ceres is more than 668 miles high, and that of 
Pallas 1ms an elevation of 465 miles. These must re- 
fract the light and prevent the radiation of heat tike our 
own. But it is remarkable that not a trace of atmosphere 
can be perceived in Vesta. The action of the .sun's rays 
must be very different on such bodies from what it is 
on the earth, and the heat imparted to them quickly 
lost by radiation ; yet it is impossible to estimate their 
temperature, since the cold may be countei*acted by 
their central heat, if, as there is reason to presume, they 
have originaUy been in a state of fusion, possibly of 
vapor. The attraction of the earth has probably de- 
prived the moon of hers ; for the refractive power of 
the air at the surface of the earth is at least a thousand 
times as great as refraction at the surface of the moon. 
The lunar atmosphere, therefore, must be of a gi-eater 
degree of rarity than can be produced by our best air- 
pumps ; consequently no terrestrial animal could exist 
in it. This was confirmed by M. Arago's observations 
during the last great solar eclipse, when no trace of a 
lunar atmosphere was to be seen. 

The sun has a very dense atmosphere, which is 
probably the cause of the peculiar phenomena in his 
photographic image already mentioned. What his body 
may be, it is impossible to conjecture ; but he seems to 
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be surrounded by a mottied ocean of flame, through 
which hifl dark nucleus appears hke black spots often of 
enormous size. These spots are almost always com- 
prised within a zone of the sun's surface, whose breadth, 
measured on a solar meridian, does not extend beyond 30^° 
on each side: of his equator, though they have been seen 
at the distance of 39i°. From their extensive and rapid 
ohanges;, there is every reason to suppose that the exte- 
nor and incandescent part of the sun is gaseous. The 
acitur cays, probably arising from chemical processes that 
continually take place at his surface, or from electricity, 
are transmitted through space in all directions;* but not- 
withstanding the sun's magnitude, and the inconceivable 
heat that must exist at his surface, as the intensity both 
oi his li^t and heat diminishes as the square of the dis^ 
tance increases, his kindly influence can hardly be felt 
at the boundaries of our system, or at all events it must 
be but feeble, 

The. direct light of the sun has been estimated to be 
equal to that of 5563 wax candles of moderate size, sup- 
posed to be placed at the distance of one foot from the 
objecU That of the moon is probably only equal to the 
light of one candle at the distance of twelve feet. Con- 
sequently the light of the sun is more than three hundred 
thousand, times, greater than that of the moon. Hence 
the li^t of the moon imparts no heat. Professor Forbes 
is convinced by recent experiments that the direct light 
of tlie moon is incapable of raising a thermometer one 
three-hundred-thousandth part of a centigrade decree, 
at least in thiacliuu^. The intensity of me sun's light 
duninishes from the center to the circumference of Sie 
solar disc 

In Uranus, the sun must be seen like a small but bril- 
liant star, not above the hundred and fiftieth part so 
bright as he appears to us; but that is 20Q0 times brighter 
thfm our moon ;. so. that he is really a sun to Uranus, 
and may impart some degree of warmth. But if we 
consider that water would not remain fluid in any part 
of Mars, even at his equator, and that in the temperate 
zones of the same pkmet even alcohol and quicksilver 
would freeze, we may form some idea of the cold that 
must reign in Uranus. 
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The clioncfe of Venus mere neax^ nmnMm HMt ef 
llie eiurth, thong^ exeeptiiig perhuMi et faerpolM, tandl 
too hot for animal and TogeSftble life as tiiej ezitt here ) . 
bnt in Mercnxy, tiie meeb heat arinng ciiif ianm the 
intensiQr of the sun's ri^ nrafet be abofe mt of MBn g 
qvdd(silTer, and water would Jioil e?en at hie pcdeic 
Thus the planets, thouj^ kindred with die eailii'hi bmh 
laon and structure, are totaDtf ^^^^ ^ ^^ fafllntatioii' tif 
liuch a being as man, unless, indeed, liieir tompentnri» 
should be modified bgr cfrcumstsnoes of wldeh WB-ari 
tiat aware, and' whidi may increase' or ^chnmmb the 
sensiblelieat so as to render Ihem habiCri)le. 

It is found by experience, that heat is developed in 
epaque and Iranslu^nt substonces l^ ll»Bir absorbtiah dT 
sdar li^t, bn^ that t&e sun's rays do notsenidbQr altar 
the temperature of perfectly transpaitot bbi^Kes 1 
which ihey pass^ As the temperature of the peBuad 
planetary space can be but little afSdcted by tJieTasB'ttga 
of the sun's light and heat, neither. can it bis* sensibly 
raissd by the heat now radiated firomihe earth « 'oooae- 
quentiy its temperature must be imaridile, at least 
fnroughout the extent of the solar system. The at- 
mosphere, on the contrary, gradttall^ increasing in den- 
sity toward the surface of £e earth, becomes less pel- 
lucid, and therefore gradually increases in temperatiue, 
both from the direct action of the sun, and from the ra- 
diation of the earth. Lambert had proved that the ca- 
pacity of the atmosphere for heat varies according to the 
siame law with its capacity for absorbing a ray of li^ 
passing through it from the zenith, whence M. Svanbeig 
found that the temperature of space is 58° below the 
zero point of Fahrenheit's thermometer. From other 
researches, founded upon the rate and quantity of at- 
mospheric refraction, he obtained a result wh»ch only 
differs from the preceding by half a degrade. M. Fourier 
has arrived at nearly the same conclusion from the law 
of the radiation of the heat of the terrestrial spheroid, 
on the hypothesis of its having nearly attained its limit 
of temperature in cooling down from its supposed prim- 
itive state of fusion. The difference in die result of 
these three methods, totally independent of one another, 
only amounts to the fraction of a degree. 
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The cold endured by Sir Edward Parry one day in 
MelvUle Island was 55° below zero ; and that suffered 
by Captain Back on the 17th of January, 1834, in 62® 
46 J' of noith latitude, was no less than 70° below the 
same point. However, M. Poisson attributes this to ac- 
cidental circumstances, and by a recent computation, he 
makes the te^iperature of space to be 8° above the zero 
of Fahrenheit. This he considers greatly to exceed the 
temperature of the exterior strata of the atmosphere, 
which he conceives to be deprived of their elasticity by 
intense cold, and he thus accounts for the decrease of 
temperature at great elevations, and for the limited ex- 
tent of the atmosphere. 

Doubtless, the radiation of all the bodies in the uni- 
verse maintains the ethereal medium at a higher tem- 
perature than it would otherwise have, and must event- 
ually increase it, but by a quantity so evanescent that it 
is hardly possible to conceive a time when a change will 
become perceptible. 

The temperature of space being so low, it becomes a 
matter of no small interest to ascertain whether the earth 
may not be ultimately reduced by radiation to the tem- 
perature of the surrounding medium ; what the sources 
of heat are ; and whether they be sufficient to compen- 
sate the loss, and to maintain the earth in a state fit for 
the support of animal and vegetable life in time to come. 
All observations that have been made under the surface 
of the ground concur in proving that there is a stratum 
at the depth of from 40 to 100 feet throughout the whole 
earth, where the temperature is invariable at all times 
and seasons, and which differs but little from the mean 
annual temperature of the country above. According to 
M. Boussingault, indeed, that stratum at the equator is 
atthe>depth of little more than a foot in places sheltered 
from the direct rays of the sun ; but in our climates it 
is at a much greater depth. In the course of more than 
half a century, the temperature of the earth at the 
depth of 90 feet in the caves of the Observatory at Paris 
has never been above or below 53° of Fahrenheit's ther- 
mometer, which is only 2° above the mean annual tem- 
perature at Paris. This zone, unaffected by the sun's 
rays from above, or by the internal heat from below,- 
16 X 
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ipFves M 8B origiii wlMiiee the «fibcti of the exfehnl 
heat ere eftioiiited on (»e side, and the hrtemal tempcir- 
atnre of the globe on the other. 

At early aa the year 1740, M. Genaenne diaeofrered 
in the lead minea of Geromagny, three leagoee from 
B6f(Hrt, thai the heat of the groimd incffoaaea with the 
depth below the zone of eonatant tempenjtdrew A vtal 
namber of obaarvatioiia bare been made aittee tiiatfc ttae 
in the minea of Europe and Ameriea, by MM* SttQamie, 
Danbuiawn, Hnmboldt, Cordier, Fez, Reioh, and oAesa, 
which agree, without an mraeption, in pronnc tiwt the 
temperature of the eartii beownea faif^bber in de ac ond in g 
toward its center. The greatest daplh that hna been 
attained is m the aihrer nune of Gttunattto i» Mexioov 
where M. de HumboUt fimnd a temperatnre of 98** at 
the d^pth of 286 fiuhoma ; Ae mean aamial teia p e iatwie 
of the country being on]^61^ Next to that la die Dal- 
ooath copper mine in Cornwall^ where Mr. Foxli ther- 
mometer stood at 68° in a hole in the Yoek at the^ depth 
of S30 fathoms, and at 82° in water at the depth of 240 
fiithoma, the mean annual temperature at me aur&ee 
being about 50^. But it is needless to multiply exam- 
ples, ail of it^iich concur in showing that there ia a reiy 
great differeDce between the temperature in the interior 
of the earth and at its surface.* Mr. Fox^s observations 
on the temperature of springs which rise at {uxiifound 
depths in mines, afford the strongest testimony. He 
found considerable streams flowing into some of the 
Cornish mines at the temperature of 80° or 90°, which 
is about 30° or 40° above that of the surface ; and abo 
ascertained that nearly 2,000,000 gallons of water are 
daily pumped from the bottom of the Poldiee mine, 
which i» 176 fathoms deep, at 90° or 1009. As this is 
higher than the warmth (xf the human body, Mr. Fox 
justly observes that it amounts to a proof that the in- 
creased temperature cannot proceed from the persona of 
the workmen employed in the mines. Neither can the 
warmth of mines be attributed to the condensation of 
the currents of air which ventilate them. Mn Fox, 
whose opinion is of high authority in these matters, 
states that even in the deepest mines, the condensation 
of the air would not raise the temperature more than 
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5° or 6°, and that if the heat could be attributed to this 
cause, the seasons would sensibly affect the temperature 
of mines, which it appears they do not where the depth 
is great. Besides, the Cornish mines are generally 
ventilated by numerous shafts opening into the galleries 
from the sur&ce or from a higher level. The air circu- 
lates freely in these, descending in some shafts and as- 
cencUng in others. In all cases, Mr. Fox found that the 
Ufiward currents are of a higher temperature than the 
descending currents; so much so, that in winter the 
moisture is. often froeen in the latter to a considerable 
depth ; the circulation of air, therefore, tends to cool 
the mine instead of increasing the heat. Mr. Fox has 
also removed the objections arising from the compara- 
tively low temperature of the water in the shafts of 
abandoned mines, by showing that observations in them, 
from a variety of circumstances which he enumerates, 
are too discordant to furnish any conclusion as to the 
actual heat of the earth. The high temperature of 
mines might be attributed to the eifects of the fires, 
candles, and gunpowder used by the miners, did not a 
similar increase obtain in deep wells, and in borings to 
great depths in search of water, where no such causes 
of disturbance occur. In a well dug with a view to 
discover salt in the canton of Berne, and long deserted, 
M. de Saussure had the most complete evidence of in- 
creasing heat. The same has been confirmed by the 
teDQq[)eratnre of many wells, both in France and En^and, 
especially by the Artesian weUs, so named from a pecu- 
liar method of laising water first resorted to in Artois, 
and since become very general. An Artesian well con- 
sists of a shaft of a few inches in diameter, bored into 
the earth till a spring is found. To prevent the water 
being carried off by the adjacent strata, a tube is let 
down which exactly fills the bore from top to bottom, in 
which the water rises pure to the sur&ce. It is clear 
the water could not rise unless it had previously de- 
scended from hig^ ground through the interior of the 
earth to the bottom of the well. It partakes of the 
temperature of the strata through which it passes, and 
in every instance has been warmer in proportion to the 
depth of the well ; but it is evident that the law of in- 



orease cannot be obtained in this manner. PeiiiBpetfae 
most satisfactoiy experiments on reoord are those mftde 
bgr MM. August de la Rive and F. Marcet dniing the 
year 1833, in a boring for water about a league ftom 
Geneva, at a place 318 feet above the level of the lake. 
The depth of the bore was 727 feet, and the diameter 
. on^ between four and five inches. No spring was ever 
found ; -but the shaft filled ^nth mud, from the moistmre 
of the ground mixing witli the earth dii^riaced. in boring, 
which was peculiarly favoraUe for the experimeafes, as 
the temperature at each depth may be oomridered to be 
diat of the particular stratum. In this oase, where none 
of the ordinary causes of disturbance coiii^ exist, and 
wliere every precaution was employed by s^ntific and 
experienced observers, the temperature was found to 
increase regularly and uniformly with the depdi at the 
rate of about 1° of Fahrenhek for evexy 52 feet. Pro- 
fossor Reich of Freyberg has found that the mean of a 
great number of observations both in mines and wells is 
1® of Fahrenheit for every 55 feet of depth, and from 
M. Arago*s observations in an Artesian well now boring 
in Paris, the increase is 1° of Fahrenheit for every 45 
feet. Though there can be no doubt as to the increase 
of temperature in penetrating the crust of the earth, 
there is still much uncertainty as to the law of increase, 
vf^ich varies with the nature of the soil and other local 
circumstances ; but on an average, it has been estimated 
at the rate of 1° for every 50 or 60 feet, which corre- 
sponds with the observations of MM. Marcet and de la 
Rive. In consequence of the rapid increase of internal 
heat, thermal springs, or such as are independent of 
volcanic action, rising from a great depth, must neces- 
sarily be very rare and of a high temperature, and it is 
actually found that none are so low as 68° of Fahren- 
heit: that of Chaudes Aigues in Auvergne is about 
136°. In many places warm water from Artesian wells 
will probably come into use for domestic purposes, and 
it is even now employed in manufactories at Wurtem- 
berg, in Alsace, and near Stutgardt. 

It is hardly to be expected ttiat at present any infor- 
mation with regard to the actual internal temperature 
of the earth should be obtained from that of the ocean. 
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on account of the mobility of fluids, by which liie colder 
masses sink downward, while those that are warmer 
rise to the surface. Nevertheless it may be stated, that 
the temperature of the sea decreases with the depth 
between the tropics; while on the contrary, all our 
northern navigators found that the temperature increases 
with the depth in the polar seas. The change takes 
place about the 70th paraUel of latitude. Some ages 
hence, however, it may be known whether the earth 
has arrived at a permanent state as to heat, by comparing 
secular observations of the temperature of the ocean if 
made at a great distance from the land. 

Should the earth's temperature increase at the rate 
of 1^ for every fifty feet, it is clear that at the depth of 
200 miles the hardest substances must be in a state of 
fusion, and our globe must in that case either be encom- 
passed by a stratum of melted lava at that depth, or it 
must be a ball of liquid fire 7600 miles in diameter, in- 
closed in a thin coating of solid matter ; for 200 miles 
are nothing when compared with the size of the earth. 
No doubt the form of the earth, as determined by the 
pendulum and arcs of the meridian, as well as by the 
motions of the moon, indicates original fluidity and subse- 
quent consolidation and reduction of temperature by ra- 
diation ; but whether the law of increasing temperature 
is uniform at still greater depths than those already 
attained by man, it is impossible to say. At aU events, 
internal fluidity is not inconsistent with the present 
state of the earth's surface, since earthy matter is as 
bad a conductor of caloric as lava, which often retains 
its heat at a very little depth for years after its surface 
is cool. Whatever the radiation of the earth might 
have been in former times, certain it is that it goes on 
very slowly in our days ; for M. Fourier has computed 
that the central heat is decreasing from radiation by 
only about the ^Vir^^ P^>^ ^^ ^ second in a century. If 
so, there can be no doubt that it will ultimately be dis- 
sipated ; but as far as regards animal and vegetable life, 
it is of very little consequence whether the center of 
our planet be liquid fire or ice, since its condition in 
either case could have no sensible effect on the climate at 
its surface. The internal fire does not even impart heat 
x2 



\ to molt ttuB poow Rt llie polM* tbtMtA 00 MW^ 
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The immeiue'«xteiit cf active fokamle fire ia one ^ 
the canaes of heat which iniiat oot be oferlooked. 

The range of the Andea from Cfaifi to the iMvtfi -ef ' 
Mexieo, ptobably from Gape Honi'to OaMfonila, or «f«i ' 
to New Madrid hi the United Btatea, la one -vast dialrirt 
of igneooa action, hidading ^e Caiflihean Sea and'dii^ 
Weat Indian lahnds on one hand ; and atrettMng fidie 
nesoaa the Paeifie Ooeonr ttmmf^ the Pcfyneanm Anhl' 
pehigo, Ae New Hebridea, the Geor^an and FViendlf • 
Islands, on the other. AiMidier chahi begfaia wHh ttte 
Aientian Islanda, extends te KamtMtetka, and ^frsm 
thenoe passes throng^ tibe Knrile, Japaneae, and Pb9- 
ippine Iriands, to the M<dnoeas, whmioeH sp r ead s wiOi 
tmifio Yiolenoe thnmi^ the Indian AvBhipekgo, even 
to the Bay of BengaL Vtikcanic action mkfSgdtk be 
followed £ram the entrance of &e Persian Golf to Mad^ 
agasear, Boorbon, the Canaries, and Azorea. ^ Thenoe 
a eootinnons igneous region extends thnm^ about 1000 
geographical miles to the Caspian Sea, inchidfaig tiie 
Sf editeiranean, and extending north and south be^veen 
the 3dth and 40th parallels of latitade ; and hi eentnl 
Asia a yolcanic region occtipies 2500 sqoare geographical 
miles. The volcanic fires are developed in Iceland in 
tremendous force ; and the antarctic land recently dis- 
covered by Sir Junes Koss is an igneous formation of 
the boldest structure, from whence a volcano in h^ 
activity rises 12,000 feet above the perpetual ice of 
these polar deserts, and within 19^° of the south pole. 
Throughout this vast portion of the world the subterra- 
neous fire is often intensely active, producing such vio- 
lent earthquakes and eruptions that their effects, accu- 
mulated during millions df years, may account ^ many 
of the great geological changes of igneous origin that 
have aheady taken place in the earth, and may occasion 
others not less remarkable, should time — ^that essentifd 
element in the vicissitudes of the globe— be granted, uid 
their energy last. 

Mr. Lyell, who has shown the power of existing causes 
with great ingenuity, estimates that on an average twenty 
eruptions take place annually in different parts of the 
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world ; and many must ocottr or have happened, even on 
the most extensive and awful scale, among people equally 
inoapable of estimating their effects ai«l of recording, 
tiiem. We should never have known the extent of the 
fearful eruption which took {dace in the island of Sum- 
bawa, in 1815, but for the accident of Sir Stamfotd Raf- 
flee having been governor of Java at the time. It began 
on the 5th of April, and did not entbrely cease till July. 
The ground was shaken tinrough an area of 1000 miles 
in circumference; the tremors were felt in Java, the 
Moluccas, a great part of Celebes, Sumatra, and Borneo. 
The detonations were heard in Sumatra, at the distance 
of 970 geographical miles in a straight line ; and at Ter- 
nate, 720 miles in the opposite direction. The most 
dreadful whirlwinds carried men and cattle into the an* ; 
and with the exception of 26 persons, the whole popn- 
ktioB of the island perished to the amount of 12,000. 
Ashes were carried 300 miles to Java, in such quantities 
that the darkness during the day was more profound 
than ever had been witnessed in the most obscure night. 
The fiice of the country was changed by the streams of 
lava, and by the upheaving and sinking of the soil. The 
town of Tomboro was submerged, and water stood to 
ihe depth of 18 feet in places which had been dry land. 
Ships grounded where they had previously anchored, 
and others could hardly penetrate the mass of cinders 
which floated on the surface of the sea for several mUes 
to the depth of two feet. A catastrophe similar to this, 
tiiou^ of less magnitude, took place in the island of Bali 
in 1608, which was not heard of in Europe till years 
afterward. The eruption of Coseguina in the Bay of 
Fonseca, which began on the 19th of January, 1835, and 
lasted many da3rs, was even more dreadful and extensive 
in its effects than that of Sumbawa. The ashes during 
this eruption were carried by the upper cuirent of the 
atmosphere as far north as Chiassa, which is upward 
of 400 leagues to the windward of that volcano. Many 
vidcanos supposed to be extinct have all at once burst 
out with inconceivable violence. Witness Vesuvius, on 
historical record ; and the volcano in the island of St. 
Vincent in our own days, whose crater was lined with 
large trees, and which had not been active in the mem- 
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m of lauu Vurt tracts are of foleanic origMi where 
voIoaiMM have ceased to exult for ages. Whence it may 
be inferred that in some phices the .snbterraneoiu fires 
are in the hi^est state of actiYity, in some they are 
inert, and in ouiers they appear to be extinct. Yet there 
are few countries tiiat are not snigect to earthquakes of 
greater or lees intensily; the tremors are propag^tted 
hke a sonorous nndnktion to snch distances that it Is 
impossible to say in what point they originatB. la sobm 
recent instances their power mnst have Men txemendoqs. 
In South America, so lato^ as 1822, an area of 100,000 
square miles, which is equal in eztoiit to the half i^ 
France, was raised several feet above its present level ; 
a most able account of which is given in me ' Transacr 
tions of the Gtookiglcal Sodely,' l>y an esteemed fnoid 
of the author, Mrs. Graham, now Mrs. Cidcott,. who 
was present during the whole time of that IbrmidaUe 
earthquake, which recuired at short intoryals for more 
than two mcmths, and who possesses talents to appre- 
ciate, and had opportunities iof observing, its effects 
under the most favorable circumstances at Valparaiso, 
and for miles along the coast where it was most intense. 
A eouMderable elevation of the land has again, tak^n 
place along the coast of Chili, in codosequenoe of the 
violent earthquake which happened. on the 20th of Feb- 
ruary, 1835. In 1819, a ridge of land stretching for 50 
miles across the delta of the Indus, 16 feet brcmd, was 
raised 10 feet above the plain ; yet the account of this 
marvelous event was recently brought to Europe by 
Mr. Burnes. The reader is referred to Mr. LyeD's 
very excellent work on geology, already mentioned, for 
most interesting details of the phenomena and extensive 
effects of volcanos and earthquakes, too numerous to 
find a place here. It may however be mentioned, that 
innumerable earthquakes are from time to time shaking 
the solid crust of the globe, and carrying destruction to 
distant regions, progressively though slowly accomphsh- 
ing the great work of change. These terrible engines 
of ruin, fitful and uncertain as they may seem, must, 
like all durable phenomena, have a law, which may in 
time be discovered by long-continued and accurate ob- 
servations^ 
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The shell of volcanic fire that girds the globe at a 
small depth below our feet has been attributed to differ- 
ent causes. By some it is supposed to originate in an 
ocean of incandescent matter, still existing in the cen- 
tral abyss of the earth. Some conceive it to be super- 
ficial, and due to chemical action, in strata at no very 
0reat depth when compared with the size of the globe. 
The more so, as matter on a most extensive s€»le is 
passing from old into new combinations, which, if rapidly 
effected, are capable of producing the most intense heat. 
According to others, electricity, which is so universally 
diffused in all its forms throughout the earth, if not the 
immediate cause of the volcanic phenomena, at least 
determines the chemical affinities that produce them. 
It is clear that a subject so involved in mystery must 
give rise to much speculation, in which every hypothe- 
sis is attended with difficulties that observation alone 
can remove. 

But the views of Mr. Babbage and Sir John Herschel 
on the general cause of volcanic action, and the changes 
in the equilibrium of the internal heat of the globe, ac- 
cord more with the laws of mechanics and radiant caloric 
than any that have been proposed. The theory of these 
distinguished phAosophws, formed independently of each 
other, is equally consistent with observed phenomena, 
whether the earth be a solid crust encompassing a nu- 
cleus of liquid lava, or that there is merely a vast reser- 
voir or stratum of melted matter at a moderate depth 
below the superficial crust. The author is indebted to 
the kindness of Mr. Lyell for the perusal of a most 
interesting letter from Sir John Herschel, in which he 
states his views on the subject. 

Supposing that the globe is merely a solid crust, rest- 
ing upon fluid or semi-fluid matter, whether extending 
to the center or not, the transfer of pressure from one 
part of its surface to another by the degradation of ex- 
isting continents, and the formation of new ones, would 
be sufficient to subvert the equilibrium of heat in the 
interior, and occasion volcanic eruptions. For, since 
the internal heat of the earth is transmitted outwards 
by radiation, an accession of new matter on any part of 
the sur&ce, like an addition of clothing, by keeping it in. 
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that tfae^ quantity of mattec cBiiied dovni bjr mtan hmk 
Ihe BurfiuM of the cootioeDU ia oompontivofy triffiaft 
amd that the great tranafe to the bottom of the oonan m 
modiiced et the ooaat line bjrthe aetion of die aaa; 
hence, sajfa Sir J^n Hencfael, *« thegieafeeat aoaanmla- 
tion of local preaanre ia in tiie central area of the deop. 
aea, "while the grei|teat local relief takea plaqe along th^ 
abraded coast lines. Here tiien should occur tha chief 
vcdcanic Tenra." Aa the craot of the earth ia rnnch 
breaker on the coeota than ekewhere, it la move eaai^ 
mptnred, and, aa Mr. Babbage obaenrea, iamenae rentB 
m:^it be prodnced there by its contraction in oodiBg 
down after being deprived of a portion of ibi origuial 
dncknesa. The pressure on the bottom of ik& ocean 
would force a column of lava mixed with ignited water 
and gas to rise through an opening thus formed, and, 
«ay8 Sir John Herschel, ** when the column attains such 
a height that the ignited water can become steam, the 
joint specific gravity of the column ia suddenly dimin- 
ished, and up comes a jet of mixed steam and lava, till 
so much has escaped diat the matter deposited at the 
bottom of the ocean takes a fresh bearing, when the 
evacuation ceases and the crack becomes sealed up.** 

This theory perfectly accords with the phenomena of 
nature, since there are very few active volcanoa at a dis- 
tance from the sea, and die exceptions that do occur 
are generally near lakes, or they are connected with 
volcanos on die maritime coasts. Many break out even 
in the bottom of the ocean, probably owing to some of the 
supports of the superficial crust giving way, so that the 
steam and lava are forced up through the Assures. 

Finally, Mr^ Babbage observes that *^ in consequence 
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of changes continnaily going on, by the destrnction of 
forests, the filling np of seas, the wearing down of ele- 
Fated lands, the heat radiated from the earth's surface 
varies considerably at different periods. In consequence 
of this yariation, and also in consequence of the cohering 
np of the bottom of the sea by the detritus of the land, 
the aur&ces of equal temperature within the earth are 
continually changing then: form, and exposing thick 
beds near the exterior to alterations of temperature. 
The expansion and contraction of these strata may form 
rents and veins, produce earthquakes, determine vol- 
canic eruptions, elevate continents, and possibly raise 
mountain chains.'' 

The nxunerous vents for the internal heat formed by 
volcanos, hot springs, and the emission of steam so 
frequent in voksanic regions, no doubt maintain the tran- 
quillity of the interior fluid mass, v^ich seems to be 
perfectly inert unless when put in motion by unequal 
pressure. 

But to whatever cause the increasing heat of the 
earth and the subterranean fires may ultimately be 
referred, it is certain that, except in some local in- 
stances, they have no sensible effect on the temperature 
of its surfoce. It may therefore be concluded that the 
heat of the earth above the zone of uniform temperature 
Is entirely owing to the sun. 

The power of the solar rays depends much upon the 
manner in which they ilEdl, as we readily perceive from 
die different climates on our globe. The earth is about 
three millions of miles nearer to the sun in winter than 
in summer, but the rays strike the northern hemi- 
sphere more obliquely in winter than in the other half 
of the year. 

The observations of the north polar navigators, and 
those of Sn- John Herschel at the Cape of Good Hope, 
show that the direct heating influence of the solar rays 
is greatest at the equator, and that it diminishes gradu- 
ally as the latitude increases. At the equator the 
maximum is 48|°, while in £urope it has never ex- 
ceeded 29t°. 

M. Fouillet has estimated with singular ingenuity, 
from a series of observations made by himself, that the 
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' wbole qnanlily of heat which the evtib noehes i 
ally from the son is such as would be snfficieiit to melt 
a stratam of ice eoyering the whcde g^obe 46 feet deep. 
Part of this heat is radi^»d baekTinto space ; but hy nr 
the greater part descends into the earth dating the 
summer, toward the zone, of unifimn temperature, 
whence it returns to the sur&ce in the course of the 
winter, and tempers the cold of the ground and tlie at- 
mosphere in its passage to the ethereal regidnsy when 
it is lost, or rather wli^re it comlnnes with the radiitfioD 
from the other bodies of the umrerse in maintaining 
the temperature of space. The sun's power being 
greatest between the tropics, the caloric sinks deeper 
Sieve than elsewhere, anid the dep&i gradually- dinnn- 
i^es toward the pdes ; but the heat is also transmitted 
laterally from the warmer to the colder strata north and 
south dfthe equator, and aids in tempering the sereritj 
of the polar regions. 

The mean heat of the earth aboFO th<e stratum of 
constant temperature is detisrmined from that of springs ; 
and if the spring be on elevated ground, the temperature 
is reduced by computation to what it would be at the 
level of the sea, assuming that the heat of the soil 
varies according to the same law as the heat of the 
atmosphere, which is about 1° of Fahrenheit's ther- 
mometer for every 333*7 feet. From a comparison of 
the temperature of numerous springs with that of the 
air, Sir David Brewster concludes that there is a par- 
ticular line passing nearly through Berlin, at which the 
temperature of springs and that of the atmosphere 
coincide ; that in approaching the arctic circle the tem- 
perature of springs is always higher than that of the air, 
while proceeding toward the equator it is lower. 

Since the warmth of the superficial strata of the earth 
decreases from the equator to the poles, there are many 
places in both hemispheres where the ground has the 
same mean temperature. If lines were drawn through 
aU those points in the upper strata of the globe which 
have the same mean annual temperature, they v^uld 
be nearly parallel to the equator between the tropics, 
and would become more and more irregular and sinuous 
toward the poles. These are called isogeothermal Imes. 
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A.va|ietyof local circumstances dktorb their paraUeUsm 
eyen between the tropics. 

The temperature of the ground at the equator is 
tower on the coasts and islands than in the interior of 
continents ; the warmest part is in the interior of Africa, 
but it is obviously affected by the nature of the soil, es- 
pecially if it be volcanic. 

Much has been done within a few years to ascertain 
die manner in which heat is distributed over the sur- 
&ce of our planet, and the variations of climate, which 
in a general view mean every change of the atmos- 
phere, such as of temperature, humidity, variations ot 
barometric pressure, purity of ur, the serenity of the 
heavens, the effects of vnnds, and electric tension. 
Temperature depends upon the property which all 
bodies possess more or less, of perpetually absorbing and 
emittusg or radiating heat. When the interchange is 
equal* die temperature of a body remains the same ; 
but when the radiation exceeds the absorption, it be- 
comes colder, and vice versd. In order to determine 
the distribution of heat over the surface of the earth, it 
is necessary to find a standard by which the tempem- 
ture in different latitudes may be compared. For that 
purpose it is requisite to ascertain by experiment the 
mean temperature of the day, of the month, and of the 
year, at as many places as possible throughout the 
earth. The annual average temperature may be found 
by adding the mean' temperatures of aU the months in 
the year, and dividing the sum by twelve. The average 
of ten or fifteen years will give it with tolerable accu- 
racy ; for although the temperature in any place may 
be subject to very great variations, yet it never deviates 
more than a few degrees from its mean .estate, which 
consequently offers a good standard of comparison. 

If climate depended solely upon the heat of the sun, 
an places having the same latitude would have the same 
mean annual temperature. The motion of the sun in 
the ecliptic indeed occasions perpetual variations in the 
length of the day, and in the direction of the rays with 
regard to the earth ; yet, as the cause is periodic, the 
mean annual temperature from the sun's motion alone 
must be constant in each parallel of latitude. For it is 
Y 
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sammer, which is but little dwwinl i ih ied hj nduMm 
dnriog the short ai^ilii* is Inhiioed hj tfa» «ndl ^pma- 
tfty ol heat reonved. dnrinf the thoct di;y» m wmart 
wad itB radiation m the kig finoa^ and «lesrrni|^«k 
In fact»]f theg^obe TO9 evefyivheie oai a iaval with 
the surface of die sea, and of unifarm soiistanee^ aam» 
toafaaoifo and radista heat etfoaHyv the Mean heat flf the 
aim would be ragnhaiy distribntad oiwar ita asrfiMie In 
acmes of equal annaal tempentove parallel to the-eqaa* 
tor, from whi6h it would deoreaae to eaeh pole as tiie 
aqnare of the cosine of the faititnde; and ita quantity 
would only depend upon the altitude of the sua aul 
atmospheric currentB. The di atributi uB of heat» how- 
ever, in the same^ paxaOel, is vexy inregalar in. all lati- 
tudes except .between the tropios, where tfa» i aol benual 
lines, or the lines pasnng throng pisces of equal mean 
annual tempentnre, are mora neariy parallel to the 
equator. . The causes of disturbance are Teiyimneroua: 
hut such as haye the greatest influence, acooidi0g to M*. 
de Humboldt, to whom we are indebted fiur the greater 
part of what is known on the subject, are thv eleration 
&i the continents, the distribution of land and water 
over the surface of the globe exposing different absorb- 
ing and radiating powers ; the variations in the sur&ce 
of the land, as forests, sandy deserts, verdant plains, 
rocks, &€. ; mountain-chains covered with masses of 
snow, which diminish the temperature ; the reverbera- 
tion of the sun's rays in the valleys, which increases it; 
and the interchange of currents, both of air and water, 
which mitigates the rigor of climates ; the warm cur- 
rents from the equator softening die severity of the 
polar frosts, and the cold currents from the poles tem- 
pering the intense heat of the equatorial regions. To 
these may be added cultivation, though its influence 
extends over but a small portion of the globe, only a 
fourth part of the land being inhabited. 

Temperature decreases with the hei^t above the 
level of the sea, as well as with the latitude. The air 
in the higher regions of the atmosphere is much cooler 
than that below, because the warm air expands as it 
rises, by which its capadty for heat is increased, a great 
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propc»tion becomes latent, and less of it sensible. A 
portion of air at the surface of the earth whose temper- 
ature is 70° of Fahrenheit, if carried to the hei^t of 
two miles and a half, would expand so much that its tem- 
perature would be reduced 50° ; and in the ethereal 
regions the temperature is 90° below the point of con- 
gelation. 

The height at which snow lies perpetually decrease* 
from the eqiuitor to the poles, and is higher in summer 
than in winter ; but it varies from many circumstances. 
Snow rarely falls when the cold is intense and the at- 
mosphere dry. Extensive forests produce moisture by 
tiieir evaporation ; and high table-liuids, on the contrary, 
dry and warm the air. In the Cordilleras of the Andes, 
plains o£ only twenty-five square leagues raise the tem- 
perature as much as 3° or 4° above what is found at the 
same attitude on the rapid declivity of a mountain, con- 
sequently the line of perpetual snow varies according as 
one or other of these causes prevails. Aspect in gen- 
eral has also a great influence ; yet, according to M. 
Jacquemont, tiie line of perpetual snow is much higher 
on the northern than on the southern side of the Hima- 
laya mountains. On the whole, it appears that the mean 
height between the tropics at which the snow lies per- 
petually is about 15,207 feet above the level of the sea ; 
whereas sno^ does not cover the ground continually at 
the level of the ocean tiU near the north pole. In the 
southem hemisphere, however, the cold is gi'eater than 
in the northern. In Sandwich Land, between the 54th 
and 58th degrees of latitude, perpetual snow and ice ex- 
teod to the sea-beach ; and in the island of St. George's, 
in the 5drd degree of south latitude, which corresponds 
with the latitude of the central counties of England, per- 
petoal snow descends even to the level of the ocean. It 
has been shown that tMs excess of cold in the southern 
henu8{diere cannot be attributed to the wintw being 
longer than ours by 7| days. It is probably owing to 
the ice being more extensive at the south than the north 
pole, and to the open sea surrounding it, which permits 
the icebergs to descend to a lower latitude by 10^ than 
they do in the northern hemisphere, on account of the 
Bumerotts obstructions opposed to them by the islands 
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md ODDtineiits about die north p<^. loebergB seldom 
flool; fartiber to the south than the Asorea; whereas 
Aose diat come fiom the south pole descend as fiur as 
the Cape of Good Hope, and occasion a continual al^- 
sorotion of heat in meltmg. 

The influence of mountain-chauis does not wh(^ 
depend upon the line of perpetual congelation. Thej 
attract and condense the yapors floating in the air, and 
send them down in torrents of rain. They radiate heat 
into the atmosphere at a lower elevation, and increase 
the tempexvture of the yalleys by the reflection of liie 
(ton's rays, and by the shelter they aflbrd Mainst piv- 
▼ailing winds. But on the contrary, one of the most 
general and powerful causes of cold arising from the vi- 
cinity of mountains, is the freezing currents of wind 
which rush fiom then* lofk^ peaks aloi^ the rapid decliv- 
ities, chilling the surrounding Talleys : such is the ent- 
ting north wind oidled the bise in Switzerland. 

Next to eloTation, the difference in the radiating and 
absorbing powers of the sea and land has the greateM 
influence in disturbing the regular distribution of heat. 
The extent of the dry land is not above the fourth part 
of that of the ocean ; so that the general temperature 
of the atmosphere, regarded as the result of the partial 
temperatures of the whole surface of the globe, is most 
powerfully modified by the sea. Besides, the ocean 
acts more uniformly on the atmosphere than the diver- 
sified surface of the solid mass does, both by the equality 
of its curvature and its homogeneity. In opaque sul^ 
stances the accumulation of heat is confined to the 
stratum nearest the surface. The seas become less 
heated at their surface than the land, because the solar 
rays, before being extinguished, penetrate the trans- 
parent liquid to a greater depth and in greater numbers 
than in the opaque masses. On the o£er hand, water 
has a considerable radiating power, which, togethei' 
with evaporation, would reduce the surface of the ocean 
to a very low temperature, if the cold particles did not 
sink to the bottom on account of their superior density. 
The seas preserve a considerable portion of the heat 
they receive in summer, and from their saltness do not 
freeze so soon as fresh water. So that in consequence 
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of all these circanSstances, the ocean is not subject to 
sach variations of heat as the land ; and by imparting 
its temperature to the win(^s, it diminishes the rigor of 
climate on the coasts and in the islands, which are 
never subject to such exti'emes of heat and cold as are 
experienced in the interior of continents, though they 
axe liable ta fogs and rain from the evaporation of the 
adjacent seas. On each side of the equator to the 48th 
degree of latitude, the surface of the ocean is in gene- 
ral warmer than the air above it. The mean of the 
Terence of the temperature at noon and midnight is 
about 1^*37, the greatest deviation niever exceeding from 
0®'36 to 2'^'16, which is much cooler than the air over 
the lend. 

On land the temperature depends upon the nature 
of the soil and its products, its habitual moisture or diy- 
ness. From the eastern extremity 6f the Sahara 
desert quite across Africa, the soil is almost entirely 
barren sand ; and the Sahara desert itself, without in- 
cluding Dafour or Dongola, extends over an area of 
194,000 square lestgues, equal to twice the area of the 
Mediterranean Sea, and raises the temperature of the 
air by radiation from 90*^ to 100°, which must have a 
most extensive influence. On the contrary, vegetation 
cools the air by evaporation and the apparent radiation 
of cold from the leaves of plants, because they absorb 
more caloric than they give out. The graminiferous 
plains of South America cover an extent ten times 
greater than France, occupying no less than about 
§0,000 square leagues, which is more than the whole 
chain of the Andes, and all the scattered mountain- 
groups of Brazil. These, together with the plains of 
North Ainerica and the steppes of Europe and Asia, 
must have an extensive cooling effect on the atmosphere 
if it be considered that in calm and serene nights they 
cause the thehnometer to descend 12° or 14°, and that 
in the meadows and heaths in England the ^sorption 
of heat by the grass is sufficient to cause the tempera- 
ture to sink to the point of congelation during the flight 
for ten months in the year. Forests cool the air also 
by shading the ground from the rays of the sun, and by 
evaporation from the boughs. Hales found that the 
17 y2 



jWfiM.of a nude pSant ofheUamhot tfarM £m* luj^^ ^oh 
,.poMid nearly ftorty feet of sorfiice; and If ifc>e«ett- 
mimd that the woody regions of the river AiBa«ODa» 
,juid ihe higher part ef the Oroondu», ooco{yy an areeivf 
,'200,000 sqoare Jeaguea, aome idea may be formed' of 
^e torrents of vapor v^faidi rise from tfaa ledttao of -the 
finrests all .over the globe. However, the.irigOD%s 
eflfoct? of their evaporation are oounteraeted in aonw 
.measure by the perfect cahn which reigBain t)ie tnfif 
.cal wildernesses. The innumerable rivers, kkea* podsi 
•and nuurshes interflpeAsed ihrao^ the oontiBeots a b ssrb 
caloric and cool the air by evaporatioB; but on jaeoennA 
.'flf the chilled and dense particiea sinking to thejbotton, 
deep watei" diminishes the cold of Winter, so long aa ke 
.is not Ibnued. , vo . ' 

. In consequence of the difference in the radial^ •&! 
absorUng powers of the sea and land, their coufignntfiCNi 
^^eatly modifier the distribution of heat over thei anrfiMe 
of the jg^obe. Under the equator os^b^ one^sixtli part of 
tikiB circumference is land ; and the superfiimt extent of 
lanid in the nortiiem and southern hemispheiras is in the 
^proportion of three to one. The effect of this nneqpial 
division is greater in the temperate than in the torrid 
zones, for the area of land in the northern temperate 
zone is to that in the southern as thirteen to one, where- 
as the proportion of land between the equatm* and eSch 
tropic is as five to four. It is a curious fact noticed by 
Mr. Gardner, that only one twenty-seventh part of the 
land of the globe has land diametrically opposite to it. 
This disproportionate arrangement of the solid part of 
the globe has a powerful influeoce on the temperature 
of the southern hemisphere. But besides these greater 
modifications, the peninsulas, promontories, and capes, 
running out into the ocean, together with bays and in- 
ternal seas, all affect temperature. To these may be 
added the position of continental masses with regard to 
the cardinal points. AU these diversities of land and 
water influence temperature by the agency of the winds. 
On this account the temperature is lower on the eastern 
coasts both of the New and Old World than on the 
western ; for considenng Europe as an island, the genr 
eral temperature is mild in proportion as the aspect is 



SKIT* XXVL ISOTUE&MAL LINES. 259 

open to the western ocean, the superficifil temperatore 
of which, as far north as the 45th and 50th degrees of 
latitude, does not fall below 48° or 51° of Fahrenheit, 
even in the middle of winter. On the contrary, the 
cold of Russia arises from its exposure to the northern 
and eastern winds. But the European part of that em- 
pire has a less rigorous climate than the Asiatic, because 
It does not extend to so high a latitude. 

The interposition of the atmosphere modifies all the 
effdcta of the sun^s heat. The earth communicates its 
temperature so slowly that M. Arago has occasionally 
found as much as from 14° to 18° of difference between 
the heat of the soil and that of the air two or three 
inches above it. 

The circumstances which have been enumerated, and 
many more, concur in disturbing the regular distribution 
of heat over the globe, and occasion numberless local ir- 
regularities. Nevertheless the mean annual temperature 
becomes gradually lower from the equator to the poles. 
But the diminution of mean heat is most ra[nd between 
the 40th and 45th degrees of latitude both in Europe 
and Ameiica, which accords perfectly with theory; 
whence it appears that the variation in the square of 
the cosine of ihe latitude (N. 123), which expresses the 
law of the change of temperature, is a maximum to- 
ward the 45lii degree of latitude. The mean annual 
temperature under the line in America is about 81^° bf 
Fahrenheit: in Africa it is said to be nearly 83°. The 
di£ference probably arises from the winds of Siberia and 
Canada, whose chilly influence is sensibly felt in Asia 
and America, even within 18° of the equator. 

The isothermal lines are nearly pai'allel to the equator, 
tiU about the 22d degree of latitude on each side of it, 
where they begin to lose their parallelism, and continue 
to do so more and more as the latitude augments. 
With regard to the northern hemisphere, the isother- 
mal line of 59° of Fahrenheit passes between Rome and 
Florence in latitude 43° ; and near Raleigh in North 
Carohna, latitude 36° : that of 50° of equal annual tem- 
perature runs through the Netherlands, latitude 51** ; 
and near Boston in the United States, latitude 42^° : 
that of 410 p^g^ Dear Stockholm, latitude 59^° ; and 
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St. ^George's Bay, Newfbandlaiid, hititnde . 48<> : and 
kslty, the line of 32°, the freezloa poiDt of water, |M|ssea' 
between Ulea io Lapland, latitode 66% and Table Baj. 
OD the coast of Labrador, Jaiitiide 54<'. 

Thus it appears that the isothermal fines, wliich are 
nearly parallel to the eqoator &r aboat 22% afterwavd 
deviate more and more* From the bbsenraticMis of Sir: 
Charles Giesecke in Greenland, of Captain Scoresby ia- 
tha Arctic Seas, and also from those' of Sir Edmid 
Parry and Sir John Frankfin; it is, found that the 
thermal lines of EUirope and America entirely mp 
in die high latitudes, and surround two pdes of 
imum cold, one in America and tlie' other in the nocth 
of Asia, neither of which coincides with the po|e of the^ 
earth's rotation. These poles are both situate in about 
the 80th parallel of ninrth latitude. The transatiaptiQ 
pole is in the lOOCh degree of west longitude, about 
50 to the. north of Sir Qraham* Moore'a Bay, in the 
Polar Seas ; and the Asiatic pole is in the 9ddi dome 
of east longitilde, a little to the north of the Bay of Tai* 
mura, near the North-east Cape. According to the 
estimation of Sir David Brewster, frvm the observatidDS 
of M. de Humboldt. and Captains Parry and^Scoresbyv 
the mean annual temperature of the Asiatic pole Is 
nearly 1° of Fahrenheit's thermometer, and that of the 
transatlantic pole about 3^° below zero, whereas he sup- 
poses the mean annual temperature of the pole of rota- 
tion to be 4*^ or 5*^. It is believed that two correspond- 
ing poles of maximum cold exist in the southern hemis- 
phere, though observations are wanting to trace the 
course of the southern isothermal lines with the same 
accuracy as the northern. 

The isothermal lines, or such as pass through places 
where the mean annual temperature of the air is the 
same, do not always coincide with the isogeothermal 
lines, which are those passing through places where the 
mean temperature of the ground is the same. Sir 
David Brewster, in discussing this subject, finds that 
the isogeothermal lines are aiways parallel to the iso- 
thermal lines ; consequently the same general formula 
will serve to determine both, since the difference is a 
constant quantity obtained by observation, and depend- 
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ing upon the distance of the place from the neutral iso- 
tfaK^rmal line. These results are confirmed by the ob- 
servations of M. Kupffer of Kasan during his excursions 
to the north, which show that the European and the 
American portions of the isogeothermal tine of 32° of 
Fahrenheit actually separate, and go round the two 
poles of maximum cold. This traveler remarked, also, 
that the temperature both of the air and of the soil de- 
creases most rapidly toward the 45th degree of latitude. 

It is evident that places may have the same mean an- 
nual temperature, and yet differ materially in climate. 
In one, the winters may be mild, and the summers cool ; 
whereas another may experience the extremes of heat 
and cold. Lines passing through places having the 
same mean summer or winter temperature, are neither 
parallel to the isothermal, the geothermal lines, nor to one 
another, and they differ still more from the parallels of 
latitude. In Europe, the latitude of two places which 
have the same annual heat never differs more than 8° or 
9° ; whereas the difference in the latitude of those having 
the same mean winter temperature is ' sometimes as 
much as 18° or 19°. At Kasan in the interior of Rus- 
sia, in latitude 55° -4 8, nearly the same with that of 
Edinbtirgh, the mean annual temperature is about 37°*6 ; 
at Edinburgh it is 47^*84. At Kasan, the mean sum- 
mer temperature is 64°*84, and that bf winter 2°«12; 
whereas at Edinburgh the mean summer temperature 
is 68°-28, and that of winter 38°-66. Whence it ap- 
pears that the difference of winter temperature is much 
greater than that of summer. At Quebec, the sum- 
mers are as warm as those in Paris, and grapes some- 
times ripen in the open air : whereas the winters are 
■ as severe as in Petersburgh ; the snow lies five feet 
deep for several months, wheel carriages cannot be used, 
the ice is too hard for skating, traveling is performed in 
dedges, and frequently on the ice of the river St. Law- 
rence. The cold at Melville Island on the 15th of Jan- 
uary, 1820, according to Sir Edward Parry, was 55° 
below the zero of Fahrenheit's thermometer, only 3° 
thove the temperature of the ethereal regions, yet the 
flununer heat in these high latitudes is insupportable. 

Observations tend to prove that all the climates of the 
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earth are stable, and that their vicissitudes are only 
periods or oscillations of more or less extent, which van- 
i^ in the mean annual temperature of a sufficient num- 
ber of years. This constancy of the mean annual temper- 
ature of the different places on the surface of the globe 
shows that the same quantity of heat, which is annually 
received by the earth, is annually radiated into space. 
Nevertheless a variety of causes may disturb the climate 
of a place ; cultivation may make it warmer ; but it is 
at the expense of some other place, which becomes 
colder in the same proportion. There may be a suc- 
cession of cold summers and mild winters, but in some 
other country the contrary takes place to effect the 
compensation ; wind, rain, snow,' fog, and the other me- 
teoric phenomena, are the ministers employed to accom- 
plish the changes. The distribution of heat may vary 
with a variety of circumstances ; but the absolute quan- 
tity lost and gained by the whole earth in the course of 
a year is invariably the same. • 



Section XXVII. 



Influence of Temperature on "Vegetation — Vegetation varies with the Lati 
tude and Height above the Sea— Geographical Distribution of Land 
Plants — Distribution of Marine Plants — Corallines, Shell-fish, Reptiles, 
Insects, Birds, and Quadrupeds — Varieties of Mankind, yet Identity of 
Species. 

The gradual decrease of temperature in the air and in 
the earth, from the equator to the poles, is clearly indi- 
cated by its hifluence on vegetation. In the valleys of 
the torrid zone, where the mean annual temperature is 
very high, and where there is abundance of light and 
moisture, nature adorns the soil with all the luxuriance 
of perpetual summer. The palm, the bombax ceiba, 
and a variety of magnificent trees, tower to the height 
of 150 or 200 feet above the banana, the bamboo, the 
arborescent fern, and numberless other tropical produc- 
tions, so interlaced by creeping and parasitical plants as 
often to present an impenetrable barrier. But the 
richness of vegetation gradually diminishes with the tem- 
perature • the splendor of the tropical forest is sncreeded 
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by the regions of the olive and vine ; these again yield 
. to the verdant meadows of more temperate climes ; then 
follow the birch and the pine, which probably owe tiieir 
existence in very high latitudes more to the warmth of 
the soil than to that of the air. But even these enduring 
plants become dwarfish stunted shrubs, till a verdant 
carpet of mosses and lichens, enameled with flowers, 
exhibits the last sign of vegetable life during the short 
but fervent summers at the polar regions. Such is the 
effect of cold and diminished light on the vegetable king- 
dom, that the number of species growing under the 
line, and in the northern latitudes of 45° and 68°, are in 
the proportion of the numbers 12, 4, and 1. Notwith- 
standing the remarkable difference between a tropical 
and polar Flora, light and moisture seem to be almost the 
only, requisites for vegetation, since neither heat, cold, 
nor even comparative darkness, absolutely destroy the 
fertility of nature. In salt plains and sandy deserts 
. alone, hopeless barrenness prevails. Plants grow on the 
borders of hot springs — they form the oasis wherever 
moisture exists, among the burning sands of Africa — 
they are found in caverns almost void of light, though 
generally blanched and feeble. The ocean teems with 
vegetation. The snow itself not only produces a red 
al^ discovered by Saussure in the frozen declivities of 
the Alps, found in abundance by the author crossing 
the Col de Bonhomme from Savoy to Piedmont, and by 
the polar navigators in the Arctic regions, but it affords 
shelter to the productions of those inhospitable cUmes 
against the piercing winds that sweep over fields of ever- 
teting ice. Those interesting mariners narrate, that 
under this cold defence plants spring up, dissolve the 
snow a few inches round, and the part above being 
again quickly frozen into a transparent sheet of ice, ad- 
mits the sun's rays, which warm and cherish the plants 
in this natural hot-house, till the returning summer ren- 
ders such protection unnecessary. 

The chemical action of light is, however, absolutely 
requisite for the growth of plants which derive their 
principal nourishment from the atmosphere. They con- 
sume carbonic acid gas, vapor, nitrogen, and the ammo- 
nia it contflins ; but It is the chemical agency of light 
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liifit enables them to absorb, decompose, and consi^ate 
these substances into wood, leaves, flowers, and fruit. 
The atmosphere would soon be deprived, of these cder ' 
ments. of vegetable life, were they not perpetually sup- 
plied by the animal creation; while in return, plutfs 
decompose the moisture they imbibe, and having assim- 
ilated &e carbonic acid gas, they exhale oxygen for the 
maintenance of the animated creation, and thus preserve 
a just equilibrium. Hence it is the powerful and com- 
bined influences of the whole solar beams that eive such 
brilliancy to the troincal forests, while wi& meir :de- 
creasing enei^ in the higher latitudes, vegetation be- 
comes less and'^less vigorous. 

By fu: the greater part of the hundred and. ten tfaon- 
sand known species of plants are indigenous in Equinoctkd 
America^ £urope contains about hcdf the number ; Asm 
with its udands, somewhat less than £urope; New 
Holland with the islands in the Pacific, still less ; and in 
A£ica there are fewer vegetable productions than in 
any part of the globe of equal extent. Very few sodal 
plants, such as grasses and heaths, that cover large 
tracts of land, are to be found between the tropics, ex- 
cept on the sea-coasts and elevated plains : some excep- 
tions to this, however, are to be met with in the jun^es 
of the Deccan, Khandish, &c. In the equatorial regions, 
where the heat is always great, the distribution of plants 
depends upon the mean annual temperature ; whereas 
in temperate zones the distribution is regulated in some 
degree by the summer heat. Some plants require a 
gentle warmth of long continuance, others flourish most 
where the extremes of heat and cold are greater. The 
range of wheat is very great : it may be cultivated as far 
nordi as the 60th degree of latitude, but in the torrid 
zone it will seldom form an ear below an elevation of 
4500 feet above the level of the sea, from exuberance of 
vegetation ; nor will it ripen above the height of 10,800 
feet, though much depends upon local circumstances. 
Colonel Sykes states that in the Deccan wheat thrives 
1800 feet above the level of the sea. The best wines 
are produced between the 30th and 45th degrees of 
noith latitude. With regard to the vegetable kingdom, 
elevation is equivalent to latitude, as far as temperature 
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is concerned. In ascending the mountains of the torrid 
zone, the richness of the tropical vegetation diminishes 
with the height ; a succession of plants similar to, though 
not identical with, those found in latitudes of corre- 
sponding mean temperature takes place ; the lofty for- 
ests by degrees lose their splendor, stunted shrubs suc- 
ceed, till at last the progress of the lichen is checked by 
eternal snow. On the volcano of Teneriffe there are 
five successive zones, each producing a distinct race of 
plants. The first is the region of vines, the next that 
of laurels ; these are followed by the districts of pines, 
of mountain broom, and of grass ; the whole covering the 
declivity of the peak through an extent of 11,200 feet of 
perpendicular height. 

Near the equator, the oak flourishes at the height of 
9200 feet above the level of the sea, and on the lofty 
range of the Himalaya, the primula, the convailaria, and 
the veronica blossom, but not the primrose, the lily of 
the valley, or the veronica which adorn our meadows : 
for although the herbarium collected by Mr. Moorcroft, 
on his route from Neetee to Daba and Garlope in Chi- 
nese Tartary, at elevations as high or even higher than 
Mont Blanc, abounds in Alpine and European genera, 
the species are universally different, with the single 
exception of the rhodiola rosea, which is identical with 
the species that blooms in Scotland. It is not in this 
instance alone that similarity of climate obtains without 
identity of productions ; throughout the whole globe, a 
certain analogy both of structure and appearance is fre- 
quently discovered between plants under corresponding 
circumstances, which are yet specifically difi'erent. It 
is even said that a distance of 25° of latitude occasions a 
total change, not only of vegetable productions, but of 
oi^nized beings. Certain it is, that each separate re- 
gion both of land and water, from the frozen shores of 
die polar circles to the burning regions of the torrid 
zone, possesses a Flora of species peculiarly its own. 
The whole globe has been divided by botanical geogra- 
phers into twenty-seven botanical districts diflfering al- 
most entirely in their specific vegetable productions ; the 
limits of which are most decided when they are sepa- 
rated by a wide expanse of ocean, mountain-chains, 
Z 



. Muidj^deBerti, fait plunir^ or iatennd-stes. A.-emMtt- 
«He namber of plants ar» common to dib -nordierfrVe^ 
gbnaof Asia, EuTopOy and Amerioa, wiiiar^tlitf j uuuliu eB l i 
alnuMt onite ; but in approechiog tibua aontSi, iSM FloM 
of theae^ thrise greafe divimiia of the ^ioba-"dmhr>inPito 
and more- even' in tlie same paraUol9^of1aliitiideviHrfe& 
ahowB tliat tempMatore akme is not di« caaai* oJTte il' 
most complete ditersitycf ^ipeeiea that eT ojywliew pan^ 
fails. The Floras of China, Siberia, Tmuf^ of flw 
Enropean district Incloding Central Eurbper aad Iba 
eoast of the MediteiTanean, and tiie Oriental f«|fcni 
eomprisins the conntriea.roandthe Biaekaiad Oaif' 
Seas, all Sn^r in spedfic o^aifaeteri. - Qefy t^f^ealy-l 
roecies were found bj MM. BonptaUd and^finmMim 
Eqiiinoetial Amerioa identical wiHi thpae ^ tfadeUi 
worid : and Mr. Brown not only found that -m peeMif' 
▼egetation exists in New H<rfland/ between tlie Sadaad 
35th parallels of soath latitude, but that, at tfae^saateni 
and western extremides of liiese paraSels, not tmm -spe- 
dee is common to both, and that ceptain'tfBnefa also Ir^ 
almost entirely confined to these qiOts. The num b er 4^ 
species common to Australia and Europe are only 168 
•at of 4100, and probably some of these have beencoo- 
▼eyed thither by the colonists. This proportion exceeds 
what is observed in Southern Africa, and from what has 
been already stated, the proportion of European species 
in Equinoctial America is still less. 

Islands partake of the vegetation of the nearest con- 
tinents, but when very remote from land their Floras 
are altogether peculiar. The Aleutian Islands, extend- 
ing between Asia and America, partake of the vegeta- 
tion of the northern parts of both these continents, and 
may have served as a channel of communication. In 
Madeira and Teneriffe, the plants of Portugal, Spain, 
the Azores, and of the north coast of Afr^a are found ; 
and the Canaries contain a great number of plants he^ 
longing to the African coast. But each of these islands 
possesses a Flora that exists nowhere else; and St 
Helena, standing alone in the midst of the Adantae 
Ocean, out of sixty-one indigenous species, produces 
only two or three recognized as belonging to any other 
part of the world. 
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It appears from the investigations of M. de Humboldt, 
that between the tropics the roonocotyledonous plants, 
such as grasses and palms which have only one seed- 
lobe, are to the dicotyledonous tribe, which have two 
seedrlobes like most of the European species, in the 
proportioo of one to four ; in the temperate zones they 
aiB as one to six; and in the Arctic regions, where 
mosses and lichens which form the lowest order of the 
vegetable creation abound, the proportion is as one to 
two. The annual monocotyledonous and dicotyledonous 
plants in the temperate zones amount to one-sixth of 
the whole, omitting the Ctyptogamia (N. 214) ; in the 
torrid zone they scarcely form one-twentietn, and in 
Lapland one-thn*tieth part. In approaching the equa- 
tor, the ligneous exceed the number of herbaceous 
plants, in America there are a hundred and twenty 
(Afferent species of forest trees, whereas in the same 
latitudes in £urope only thirty-four are to be found. 

Similar laws appear to regulate the distribution of 
marine plants. M. Lamouroux has discovered that the 
groups of algsB, or marine plants, affect particular tem- 
peratures or zones of latitude, though some few genera 
prevail throughout the ocean. The polar Atlantic basin, 
to the 40th degree of north latitude, presents a well-de- 
fined vegetation. The West Indian seas, including the 
Oirif of Mexico, the eastern coast of South America, the 
Indian Ocean and its gulfs, the shores of New Holland, 
and the neighboring islands, have each their distinct 
species. The Mediterranean possesses a vegetation 
peculiar to itself, extending to the Black Sea ; and the 
qpecies of marine plants on the coast of Syria and in 
ttie port of Alexandria differ almost entirely fi*om those 
«f Suez and the Red Sea, notwithstanding the proxim- 
ity of their gec^raphical situation, tt is observed that 
shallow seas have a different set of plants from such as 
ure deeper and colder ; and, like terrestrial vegetation, 
tibe algae are most numerous toward the equator, where 
tiie quantity must be prodigious, if we may judge from 
^e gulf-weed, which certainly has its origin in the 
tropical seas, and is drifted, though not by the gnlf- 
itream, to higher latitudes, where it accumulates in such 
quantities, that the early Portuguese navigators, Colum- 
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bur EDd Lerias, «ompBred tlie sea to. nrtenufBil^ imui^ 
da^ meadows, in which it actually impeded tiieir Mpit 
and alarmed their saikm. M. de Hmnboldt, fai mf 
PeFBOoal Narrative, mentioiui that the moat extanafia 
bank <pf sea-weed is an the niMthem 'Atlantio, a JMb 
west of the meridian of Fayal, one of the'Ajwrei^ Inm 
tween the 25th and 36th degrees of iatitade. " Vowaji 
returning to Europe from Monte Videos or froni thcr 
Cape of .Gqo4 Hope, cross' this bank near^ at an o^tt 
distenee from the Antilles and Canaiy ^lalanda; Thv 
other bank occupies a smaller space, between the 29t 
and 26th degrees of north kUatade, about eig^bly lea^oea 
west of the meridian of the Bahama Iriands, and is gen*' 
orally tirayersed by vessels on their passage frmn llie 
Caicos to the Bermuda Islands. These massea MisiMf 
dhiefly of one or two species of Sargissnm» tlie moat ex- 
tmsive genus of the wder FucoidesB. • " 

Some of the sea-weeds grow to the enormooa length' 
of several hundred feet, and. all are hig^il^ eokmad, 
though many of them must grow in the deep cavema of 
the ocean, in total or almost total darkness; Kg^t how- 
ever may not be the only principle on which the color of 
vegetables depends, since M. de Humboldt met with' 
green plants growing in complete darkness at the bottom 
ofone of the mines at Freyberg. 

It appears that in the dark and tranquil caves of the 
ocean, on the shores alternately covered and deserted by 
the restless waves, on the lofty mountain and extended 
plain, in the chilly regions of the north and in the genial 
warmth of the south, specific diversity is a generS law 
of the vegetable kingdom, which cannot be accounted fiar 
by diversity of climate : and yet the similarity, though 
not identity, of species is such, under the same isotherm 
mal lines, that if the number of species belonging to one 
of the great families of plants be known in any part Of 
the globe, the whole number of the phanerogamous or 
more perfect plants, and also the number of species com->' 
posing the other vegetable families, may be estimated 
with considerable accuracy. 

Various opinions have been formed on the original or 
primitive distribution of plants over the surfece of the 
globe ; but since botanical geography became a regular 
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science, the phenomena observed have led to the con- 
doflion that vegetable creation must have taken place in 
a number of distinctly different centers, each of which 
wifs the original seat of a certain number of peculiar 
species, which at first grew there and nowhere else. 
Heaths are exclusively confined to the Old World, and 
no indigenous rose-tree has ever been discovered in the 
New ; the whole southern hemisphere being destitute 
of that beautiful and fragrant plant. But this is still 
BBore confirmed by multitudes of particular plants hav- 
ing an entirely local and insulated existence, growing 
^Mntaneously in some particular spot and in no other 
|Aace ; for example, the cedar of Lebanon, which grows 
indigenously on that mountain, and in no other part of 
the woiid. On the other hand, as there can be no doubt 
bat that many races of plants have been extinguished, 
Sir John Herschel thinks it possible that these solitary 
instances may be the last surviving remnants of the 
same groups universally disseminated, but in course of 
extinction ; or that perhaps two processes may be going 
on at the same time ; ** some groups may be spreading 
firom their foci, others retreating to their last strong- 
hfdds." 

The same laws obtain in the distribution of the ani- 
mal creation. The zoophyte (N. 215), occupying the 
bwest place in animated nature, is widely scattered 
through the seas of the torrid zone, each species being 
confined to the district best fitted to its existence. 
Shell-fish decrease in size and beauty with their dis- 
tance from the equator ; and as far as is known, each 
sea has its own kind, and every basin of the ocean is in- 
habited by its peculiar tribe of fish. Indeed MM. Peron 
and Le Sueur assert, that among the many thousands 
of marine animals which they had examined, there is 
not a single animal of the southern regions which is not 
cBstinguishable by essential characters from the analo- 
gous species in the northern seas. Reptiles are not 
exempt from the general law. The saurian (N. 216) 
tribes of the four quarters of the globe differ in species ; 
and although warm countries abound in venomous 
snakes, they are specifically different, and decrease both 
m numbers and in the virulence of their poison with de- 
z2 
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oi^eMO of temperatore. The diap^SMHtflf 
eesaarily follows that of Hne we^kM^ wlneh/ivp^ 
l^ieiii with food ; and in gooeral it ia obaeK?eicL» t^fe^Mlir 
kind of i^ant ia peopM.hy ita pecqllv ]sl|B£te4ak 
Each species <^ bird< has jk» paituailar. hmmA^ noMrWh^ 
standing the locomotore powers of ifaO; winged . ttrftai^ 
The ema-ia confined to Anstcsliav tl|e eoodnr newHr 
leaves the Andes, nor the great, eagle. the Alpe; and 
dthough some birds are common to werj oej|in|rpv Ib^ 
are few in. nnmber. < Quadrupeds ere J&MftakfttuA in flNe 
same manner wherever ^naii hasiDoi mterf^^. i8>mi^ 
ps are indigenous jaenereontinent ar^jpot the saie wJMi 
their coageiiera in another ; and wkh the.eaoeptifA ef 
aeme kind« of bats, no warm-Uooded animal is hidi y t w ea 
in the Polynesian Arclupelago, nor in any €if ther'""^ 
on the borders of the central part pf the Pacifo 

In reviewing the infinite variety at organised , 
that people Jhe-snrfiuie ef the giobe, nothmg is i 
markaUe. than the distinctions which characteme the 
diflforent tribes of mankind, from the eboD^ skin, ef tba 
torrid Eone to the &ir and mddy com|^ziott ef 3caodi- 
navisrr^a difference which existed in the earliest reccoded 
times, since the African is represented in the Sacred 
Writings to have been as black as he is at the present 
day, and the most ancient Egyptian paintings confirm 
that truth; yet it appears from a comparison of the 
principal circumstances relating to the animal economy 
or physical character of the various tribes of mankind, 
that the different races are identical in species. Many 
attempts have been made to trace the varioui^ tribes 
back to a common origin, by collating the numerous 
languages which are or have been spoken. Some 
classes of these have few or no words in common, yet 
exhibit a remarkable analogy in the laws of their gram- 
matical construction. The languages spoken by the 
native American nations afford examples of these; in? 
deed the refinement in the grammatical construction of 
the tongues of the American savages leads to the belief 
that they must originally have been spoken by a much 
more civilized class of mankind. Some tongues have 
little or no resemblance in structure, though they cor- 
respond extensively in their vocabularies, as the Syrieo 
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dialects. In aU of these cases it may be iDferred, that 
the natioos speaking the languages in question are de- 
scended from the same stock ; but the probability of a 
common origin is much greater in the Indo-European 
notions, whose languages, such as the Sanscrit, Greek, 
Latin, German, &c,, have an affinity both in structure 
and correspdbdence of vocables. In many tongues not 
the smallest resemblance can be traced ; length of time, 
however, may have obliterated original identity. The 
conclusion drawn from the whole investigation is, that 
although the distribution of organized beings does not 
fsUow the direction of the isothermal lines, temperature 
has a very great influence on their physical development. 
The heat of the air is so intimately connected with its 
electrical condition, that electiicity must also affect the 
distribution of plants and animals over the face of the 
earth, the more so as it seems to have a great share in 
Uie functions of animal and vegetable life. It is the sole 
cause of many atmospheric and terrestrial phenomena, 
and performs an important part in the economy of nature. 



Section XXVIII. 



Of ordinary Electricity, generally called Electricity of Tendon— Methods 
of exciting Bodies— Transference — Electrics and Non-Electrics— Law of 
its Intensity— Distribution — Tension— Electric Heat and Light— Atmos- 
^ric Electricity— Its Cause- Electric Clouds— Back Stroke— Violent 
Effects of Lightning— Its Velocity— Phosphorescence — Phoq>horescent 
Action of Solar Spectrum — Aurora. 

Ei^ECTRiciTT is one of those imponderable agents 
pervading the earth and all substances, without affecting 
their volume or temperature, or even giving any visible 
aign of its existence when in a latent state ; but when 
elicHted developing forces capable of producing the -most 
sudden, violent, and destructive eflects in some cases, 
while in others their action, though less energetic, is of 
indefinite and uninterrupted continuance. These modi- 
fications of the electric force, incidentally depending 
upon the manner in which it is excited, present phe- 
nomena of great diversity, but yet so connected as to 
justify the conclusion that they originate in a common 
principle. , 
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EleetricHj maj be ciJled into MtMtj by i 
iiower, by chemical action, by heat, aiid bj _ 
faifliience. We. are totally ignorant why it is rooMd 
fiom'itB nentral state by such meant, or of the mavne^ 
of its existence in bodies, iHiether it be a mateiial agevl^ 
nbnitions of ether, or merely a property o# ma tim' . 
Varions circumstances .render it mar6 'than pmld blB 
that, like light and heat,^ it is a modifieatSon or TibrmtiaD 
of that subtile ethereal medium which in' a hif^^y^eks- 
tic state pervades all space, and which ia eapalifo pf 
moving with yarious degrees of ftcility throuf^ torn pcm 
even m the densest substances. A» ezpenenoo aoova 
chat bodies in one electric state attract, and in aqodiflr 
repel each other, the hypoithesb of two fluids has been, 
adopted by many philosophers ; botf probably the moHlBl 
attraction and repulsion of bodies arise from the redun- 
dancy and defect of their ejectricitiea, tfaougli iB tlw 
electrical phenomena can be explained on eilfaer hy- 
pothesis^ Bodies having a redundancy of the elet^ric 
fluid are said to be positively electric, and those in dcrifeet 
negatively. As each Itind of. electricity has its peculiar 
properties, ^he science may be divided iutp ^ur branch- 
es, of which the following notice is intended to convey 
some idea. 

Substances in a neutral state neither attract nor 
repel. There is a numerous class called electrics, 
in which the electric equilibrium is destroyed by fric- 
tion; then the positive and negative electricities are 
called into action or separated; the positive is im- 
pelled in one direction, and the negative in another; 
or more correctly, the electricity is impelled in one di- 
rection at the expense of the other where there is a de- 
ficiency of it. Electricities of the same kind repel, 
whereas those of different kinds attract each other. 
The attractive power is exactly equal to the repulsive 
power at equal distances, and when not opposed, they 
coalesce with great rapidity and violence ; producing 
the electric flash, explosion, and shock: then equili- 
brium is restored, and the electricity remains latent till 
again called forth by a new exciting cause. One kind 
of electricity cannot be evolved without the evolution of 
an equal quantity of the opposite kind. Thus when a 
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^has rod is rubbed with a piece of silk, as much positive 
electricity is elicited in the glass as there is negative in 
tiie silk ; or in other words there is a redundancy in the 
Abb and a proi)ortional deficiency in the silk. The 
Eted of electricity depends more upon the mechanical 
condition than on the nature of the surface : for when 
two plates of glass, one polished and the other rough, 
tee rubbed a^inst each other, the polished surface ac- 
(fohes positive and the rough negative electricity ; that 
M, the one gains and the other loses. The manner in 
n^h friction is performed also alters the kind of elec- 
tricity. Equal lengths of black and white riband ap- 
plied longitudinally to one another, and drawn between 
the finger and thumb, so as to rub their surfaces to- 
getiher, become electric. When separated, the white 
riband is found to have acquired positive electricity, and 
tibe black has lost it, or become negative: but if the 
whole length of the black riband be drawn across the 
breadth of the white, the black wiU be positively and 
the white negatively electric when separate. Elec- 
tricity may be transferred from one body to another in 
the same manner as heat is communicated, and like it 
too, the body loses by the transmission. Although no 
substance is altogether impervious to the electric fluid, 
nor is there any that does not oppose some resistance 
to its passage, yet it moves with much more facility 
through a certain class of substances called conductors. 
Bach as metals, water, the human body, &c., than 
through atmospheric air, glass, silk, &:c., which are 
&erefore called non-conductors. The conducting power 
is affected both by temperature and moisture. 

Bodies suiTOunded with non-conductors are said to be 
insulated, because, when charged, the electricity cannot 
escape. When that is not the case, the electricity is 
conveyed to the earth, which is formed of conducting 
matter; consequently it is impossible to accumulate 
electricity in a conducting substance that is not insu- 
lated. There are a great many substances called non- 
electrics, in which electricity is not sensibly developed 
by friction, unless they be insulated, probably because it 
Is carried off by their conducting power as soon as 
elicited. Metals, for example, which are said to be 
18 
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aOB-dbolnei, can liii excit^bul b^iiig dOMloetttri, dMtf 
flfuofiot retain this state 4f ih eo ttmnDi c a ti on ^ififli tjje 
•ntfa. It is probable that no bodiaa eaist.whiDh «■» 
•itherperfect non-electrics or pejrfeot iMMit^cHilliioMl^ 
But It is oTident that elM^rics must be moK^caaiotltm 
to a oArtain degree, otherwise they coold :Dot. Mali 
llieir electric state* . : t 

Ithas been simposed that an uisnlated fao4y faiwaaii 
atrest, becanse the tension of the electricij^, or jts peai^ 
aure on the air which reatrshna it, k eqoal en al «dee; 
hot when a bod^ in a suntlar state, and ofaaii^- wMh 
lie same kind i^f electrieitgr, approaches iW' tiwt the an» 
toa] repokion of the particles of the electrie floid A^ 
iljniflties the pressore of ne fluid on the air-oik ifaa 
ttdjaeent sides of the two bodiec.and mcreaaes it .ob 
dieir remote ends; oonsecpientilj that eipiililbrnim w9 
be destroyed* and the bodies, yielding to the aetibo «f 
title preponderating fbioe, Will recede from or lepel 
eveh other. When, on the contnury, they an chargad 
idth opposite electricities, it is aSeiied lihat the press'ora 
upon me air on the adjacent sides will be increased by 
the mutual attraction of the particles of the electric 
fluid, and that on the further sides diminished; eon^ 
sequently, that the force will urge the bodies toward 
one oDOther, the motion in both cases corresponding to 
the forces producing it. An attempt has thus been 
made to attribute electrical attractions and repulsions to 
the mechanical pressure of the atmosphere. It is more 
than doubtful, however, whether these phenomena can 
be referred to that cause ; but certain^ it is, that wha^ 
ever the nature of these forces may be, they are not 
impeded in their action by the intervention of any sub- 
stance whatever, provided it be not itself in an electric 
state. 

A body charged with electricity, although perfect^ 
insulated, so that all escape of electricity is precluded, 
tends to produce nn-electric state of the opposite kind 
in all bodies in its vicinity. Positive electricity tends 
to produce negative electricity in a body near to it, and 
vice versd, the effect being greater as the distance di- 
minishes. This power which electiicity possesses, of 
causing an opposite electrical state in its ricinity, is called 
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indiic^OD. When a bodj in either electric state is pre- 
sented to a neutral one, its tendency, in consequence oi 
the law of induction, is to disturb the electrical condi- 
tion of the neutral body. The electrified body induces 
electricity contrary to its own in the adjacent part of 
die neutral one, and therefore an electrical state similar 
to its own in the remote part. Hence the neutrality of 
the second body is destroyed by the action of the first, 
and the adjacent parts of the two, having now opposite 
electricities, will attract each other. The attraction be- 
tween electrified and unelectrified substances is, there- 
fore, merely a consequence of their altered state, re- 
sulting directly from the law of induction, and not an 
original law. The efifects of induction depend upon the 
&cility with which the equilibrium of the neutral state 
of a body can be overcome— « facility which is propor- 
tional to the conducting power of the body. Conse- 
quenUy the attraction exeited by an electrified substance 
upon another substance previously neutral, will be much 
more energetic if the latter be a conductor than if it be 
a non-conductor. 

The law of electrical attraction and repulsion has 
been determined by suspending a needle of gum-lac 
horizontally by a silk fibre, the needle carrying at one 
end a piece of electrified gold-leaf. A globe in the same, 
or in the opposite electrical state, when presented to 
the gold leaf, will repel or attract it, and will therefore 
cause the needle to vibrate more or less rapidly accord- 
ing to the distance of the globe. A comparison of the 
number of oscillations perforn^ed in a given time at dif- 
fisrent distances, will determine the law of the variation 
of the electrical intensity, in the same manner that the 
force of gravitation is measured by the oscillations of 
the pendi^um. Coulomb invented an instrument which 
balances the forces in questionby the force of the tor- 
sion of a thread, which consequently measures their 
intensity ; and Mr. Snow Harris has recently construct- 
ed an instrument with which he has measured the 
intensity of the electrical force in terms of the weight 
requisite to balance it. By these methods it has been 
found that the intensity of the electrical attraction and 
repolaion varies, inversely as the squares of the distances. 
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Howeyer, the law of tlie repoldive force v liable to i 
diftiirbaiice from inductiTe action, which Mr. Snow J 
lis has found to exist not only between a cbarsed Hhd 
neutaral bodj, but alsovbetween bodies similarly.ehai^gM]; 
iAAd that in the latter case the indnctiye proeesa nunr b* 
hidefinitelj modified by the Tarioas drcimistuMseB' of ihli 
qnantity and intensity of the electrici^, and the distaoeift 
between llie chaned bodies. Since electricity can allf 
be in eaniKbrio mm the mutnal repuMon of its par^ 
tieles, wiuoh according to tliese experiments ▼aries iih 
▼ersely as the sqnare of the distances, its ^istribtttioii ik 
different bodies depends upon the Isws of- mechaDles, 
and therefore becomes a subject of analysis and cafcnkp 
tion. AUhon^h the distribution of the electric fluid liif 
employed the eminent analytical talenta of M. Pmsson 
md Mr. Ivory, and thou|^ many of th^ compiAei 
phenomena have been confirmed b^ obseryatton, ysl 
lecent experiments show that the subject is stiO involred 
In much difficulty. Electricity is entirely confined to 
the surface of bodies ; or if it does peneMtte Oaiebr sub* 
stance, the depth is inappreciable ; so that the quantity 
bodies are capable .of receiving does not follow the pro- 
portion of their bulk, but depends jHincipally upon the 
form and extent of surface over which it is spread : thus 
the exterior may be positively or negatively electric, 
while the intericM- is in a state of perfect neutrality. 

It appears from the experiments of Mr. Snow Harris, 
that a given quantity of electricity divided between two 
perfectly equal and similar bodies, exerts upon external 
bodies only one-fouith of the attractive force apparent 
when disposed upon one of them ; and if it be distrib- 
uted among three equal and similar bodies, the force is 
one-ninth of that apparent when it is disposed on one of 
them. Hence if the quantity of electricity be the same^ 
the force varies inversely as the square of the surface 
over which it is disposed ; and if the sui-fece be the same, 
the force varies directly as the square of the quantity 
of the electric fluid. These laws however do not hold 
when the form of the surface is changed. A given 
quantity of electricity disposed on a given surface has the 
greatest intensity when the surface has a circular form, 
and the least intensity when the surface is expanded 
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into an indefinite right line. The decrease of intensity 
seems to arise from some peculiar arrangement of the 
electricity depending on the extension of the surface, 
and has been considered by Volta to consist in the re- 
moval of the electrical particles farther without the 
sphere of each other's influence. It is quite independ- 
/9iit of the extent of the edge, the area being the same ; 
for Mr. Snow Harris found that the electrical intensity 
of a charged sphere is the same with that of a plane 
drcukr area of the same superficial extent, and that of 
.a charged cylinder the same as if it were cut open and 
expended into a plane surface. 

The same able electrician has shown that the attract- 
hre force between an electrified and a neutral uninsulated 
body is the same, whatever be the forms of then- unop- 
posed parts. Thus two hemispheres attract each other 
with precisely the same force as if they were spheres ; 
and as the force is as the number of attracting points in 
operation directly, and as the squares of the respective 
distances inversely, it follows that the atti*action between 
a mere ring and a circular area is no greater than that 
between two similar rings, and the force between a 
sphere and an opposed spherical segment of the same 
curvature is no greater than that of two similar segments, 
each equal to the given segment. 

- Electricity may be accumulated to a great extent in 
Insulated bodies ; and so long as it is quiescent, it occa- 
sions no sensible change in their properties, though it is 
spread over their suHaces in indefinitely thin layers. 
When restrained by the non-conducting power of the 
atmosphere, the tension or pressure exerted by the elec- 
tric fluid against the air which opposes its escape, is in 
the ratio compounded of the repulsive force of its own 
particles at the smface of the stratum of the fluid, and 
of the thickness of that stratum. But as one of these 
elements is always proportional to the other, the total 
pressure on every point must be proportional to the 
squares of the thickness. If this pressure be less than 
the coercive force of the air, the electricity is retained ; 
bat the instant it exceeds that force in any one point, 
the electricity escapes, which it will do when the air is 
attenuated, or becomes saturated with moisture. It ap- 
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s 111 ft t the reabtaoce of til** ftir to the piissnge of tlift j 
:ric (iuid 13 jjroportiatial to tho square of hts dtjnsit^ , 
httt tbo net ion of eleclTicity on distant bodies hy im J 
on ifi quite iniiope^dent of ntmosphertc pressing | 
s tba miin^ ID vncuo as in air 4. ^ 1 

le power of retainiog electricity depends also upoS'l 
A,uo Eihape of Th« tiody. It i* jnosr. easi^ retained hjml 
iphera, next to thut by a spheroid, but it readily esc'fip^i ] 
fhjm a point ; and a pointed object receives it wifHj 
most facility. It a[»pears from annlysis, tbtit Blectricitff ■ 
whan ia equiliiirio, spreRdj» itself In a thin atratum oref 
the surface of a splieret iu con sequence ef the ropnldon 
4lf its particles, which foi^e Is directed from the center^ 
to the surface^ In an oblong spbei'oid, the intensity OP H 
riiickuess of the stratum of electricity at the extrenntiel ■" 
of the two nxes i^ exactly m the proportiou of the aset 
thdmsalvea ; hence, when the ellipsoid is much elon^ 
g^ted, the electricity becomes very leeble at the ecjuatoi^ H 
and powerful ut the jioles* A atdl ^eater diiference ill " 
the iati^niiiiiea takes place in bodies of cyiindrical or 
prtJ^rnMlc form, and the more so in propornon as tlieir 
length exceeds their breadth ; therefore the electrical 
intensity ia very poweiful at a point where nenrly the 
whole electricity in the body is concentrated. Not- 
withstEindiog thc*sH analyHcal rosulta, it w donbtpfl 
whether the disjjosition of eiectritied bodies to Ji<rliargo 
tiiBir eleetricity from points or edges may not arisen ^tm 
the superior attractive foree generated by induction ill 
external bodies, rather than from an original conoJBtitnl^ 
tion of the electric fluid in these parts. ■ - ■< 

A perfect conductor is not mechanically affeeted bf 
the passage of electricity, if it be of sufficient size to 
carry off the whole ; but it is shivered to pieces in ail 
instant if it be too small to carry off the chArge : thii 
also happens to a bad conductor. In liiat case tbi» 
physical change is generally a separation of the particles^ 
though it may occasionally be attributed to chemicai 
action, or expansion from the heat evolved during the 
passage of the fluid ; but all these efiects are in propdl^ 
tion to the obstacles opposed to the freedom of its 
course. The heat produced by the electric shock is 
intense, fusing metals, and even volatilieing sabstaneeSi' 
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tfaoagh it 10 only accompanied by light when the fluid is 
obstructed in its passage. 

£lectrical light, when analyzed by the prism, pre- 
seats very different appearances to the solar light. 
Fraaenhofer found that instead of the fixed dark lines 
of the solar spectrum, the spectrum of an electric spark 
was crossed by very niunerous bright lines ; and Pro- 
fiBssor Wheatstone has observed that the number and 
position of the lines differ with the metal from which 
the spark is taken. According to M. Biot, electrical 
li^t arises from the condensation of the air during the 
F^i>id modoh of the electricity, and varies both in in- 
tensity and color with the density of the atmosphere. 
When the air is dense, it is white and brilliant; whereas 
io rarefied air it is difilise and of a reddish color. The 
experiments of Sir Humphry Davy, however, seem to 
be at variance with this opinion. He passed the elec- 
tric spark through a vacuum over mercury, which, 
from green, became successively sea-green, blue, and 
purple, on admitting different quantities of air. When 
the vacuum was made over a fusible alloy of tin and 
bismuth, the spark was yellowish and extremely pale. 
Sir Humphry thence concluded, that electricd light 
priticipaUy depends upon some properties belonging to 
the ponderable matter through which it passes, and 
that space is capable of exhibiting luminous appearances, 
though it jdoos not contain an appreciable quantity of 
this matter. He fought it not improbable that the 
superficial particles of bodies which form vapor, when 
detached by the repulsive power of heat, might be 
equally iseparated by the electric forces, and produce 
luminous appearances in vacuo, by the destruction of 
their opposite electric states. Professor Wheatstone 
has been led to conclude that electrical light results 
firOm the volatilization and ignition of the ponderable 
mattsr of the conductor itself. 

Pressure is a source of electricity which M . Becquerel 
has found to be common to all bodies ; but it is necessary 
to insulate them to prevent its escape. When two sub- 
stances of any kind whatever are insulated and pressed 
together, they assume different electric states, but they 
only show contrary electricities when one of them is a 
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good condnotor. Wben both are good oondoeton, IIm|i 
must be sepanOed with extreme nfadHyi to. prwrieBt 
the return. to equilibrium. When the Beperutian k 
veqr Budden, the tensioQ of the two eleetoicitiet majb^t 
mat enough to produce]!^ M..Beo^pierelattr9ratat 
fte li^t produced hy the coUiaion of icebwgi to tUf 
c«ise. Iceland spar is made electric tgr the aiyiillart 
pressure between the finger and thumb, and retains it 
Mr a long time. AU these circumstances are modified 
by the temperati^e of. the substancesv the state eCtfaiaht 
surfaces, and that of the «tmpsphere« Serevat. cfyv-; 
tafine substances become electric when .heptsdi' «h 
pecially tourmaline, one end of whiqh acquires poaitim 
and the other.. nemlnre electricity, while the hrtsnna.^ 
diate partis neutnu. If a tourmafine be broken throng 
the middle, each fragment is found to possess poattivft 
electricity at one end, and negative at the other,. Un 
the entire crystal Electricity is evolved by bodies 
passing from a liquid to a solid state ; also by. chemical 
action during the production and condensatioii of vaporr 
which is consequently a great source of at9U)S[dierib 
electricity. The steam issuing firom the lahre of an 
insulated locomotive steam en^e produces sereh^timaii 
the quantity of electricity' that an electrifying machuie 
would do with a plate three feet in diameter, and 
worked at the rate of 70 revolutions in a minute. In 
short, it may be stated generally, that when any cause 
whatever, such as friction, pressure, heat, fracture, 
chemical action, dec, tends to destroy molecular attrac- 
tion, there is a development of electricity. If, however, 
the molecules be not immediately separated, there will 
be an instantaneous restoration of equilibrium. . 

The earth possesses a powerful electrical tension, and 
the atmosphere, when clear, is almost always positively 
electric. Its electricity is sti'onger in winter than in 
summer, during the day than in the night, The inten- 
sity increases for two or three hours from the time of 
sunrise, comes to a maximum between seven and eight, 
then decreases toward the middle of the day, arrives at 
its minimum between one and two, and again augments 
as the sun declines, till about the time of sunset, after 
which it diminishes, and continues feeble during the 



XXVm. ATMO0PHERIO ELBCTRICIIT. 261 

Bi|^t. Atmospheric electricity arises partly from- an 
efointion of the electric fluid during the evaporation 
that is so abundant at the surface of the earth, though 
not under all circumstances. M. Pouillet has recenSy 
eome to the conclusion, that simple evaporation never 
produces electricity, unless accompanied by chemical 
action, but that electricity is always disengaged when 
the water holds a salt or some other substance in solu- 
tion. He found when water contains lime, chalk, or 
any solid alkali, that the vapor arising from it is nega- 
tbely electric ; and when the body held in solution is 
eoAer gas, acid, or some of the salts, that the vapor 

Sen out is positively electric. The ocean must there- 
e afford a great supply of positive electricity to the 
atmosphere ; but as M. Becquerel has shown that elec- 
tricity of one kind or other is developed, whenever the 
molecules of bodies are deranged from their natural 
positions of equilibrium by any cause whatever, the 
ehemical changes on the surface of the globe must occa- 
sion many variations in the electrical state of the atmos- 
phere. 

Clouds probably owe their existence, or at least their 
form, to electricity, for according to some authors they 
consist of hoUow vesicles of vapor coated with it. As 
the electricity is either entirely positive or negative, the 
▼eaicles repel each other, wluch prevents them from 
aniting and falling down in rain. The friction of the 
■nrfiu^es of two strata of air moving in different direc- 
tioiis, probably developes electricity; and if the strata 
be of different temperatures, a portion of the vapor they 
always contain will be deposited ; the electricity evolved 
will be taken up by the vapor, and cause it to assume 
the vesicular state constituting a cloud. A vast deal of 
electricity may be accumulated in this manner, which 
may be either positive or negative. When two clouds, 
charged with opposite kinds, approach within a certain 
distance, the thickness of the coating of electricity in- 
creases on the two sides of the clouds that are nearest 
to one another ; and when the accumulation becomes 
80 great as to overcome the coercive pressure of the 
atmosphere, a discharge takes place, which occasions a 
flash oi lightning. The actual quantity of electricity in 
aa2 
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«iqr of ttid flash axwm from the Teiy neat «it«[ifc«r 
•nmee ooeapieclhy thaeketiietty ; •o.uat-ckrada pM^ 



l»^aoiiipared to eiionBoiis lAeyden jm tiuollj^.; 
wkh the electric fluid, which ovfy eoquhwa iu lol 
hy its instaotaneoiis eondensetioau Theiapid waaA iaa^ 
•nltr motioiM <tf thunder doods ere* la jiO prabefaitti^ 
more owing to strong eieetrical afctractidiu end .iep«ll> 
, akoDB emoog tfaemselFes than to cnrprats of sitv thimi^ 
both are no cbobt .concerned in diese hoatato: 



Since the air is a non-condnctor, 4t does no| 
^le electricitgr from the donda tolfae earth, hatit ai^ 
4|aires from them an opposite elpctrici^, and when Ike 
tension is Tory great the fimse of the electnci^ Jbeceen^s 
irresistible, and an hiterchange takes phee betweieatfaa 
eloods and the earth ; bntab rapid ia ttie mocioD QuadfA' 
iiiag, that k is difficnte to asoartain^^iriien it gocte from the 
-eloods to the, earth, or shtets upward frmn the earth 
to the clpnds, though there can be no doubt. that it does 
both. In a storm which occurred at Manche^er, in the 
month of June, 1835, the electric fluid was ebaerved to 
issue from various pomts of a road, attended by explo- 
sions as if pistols had 6een fired out of the ground. A 
man appears to have been killed by one of these explo- 
sions taking pku;e under his right foot* M. Gay-Lussac 
has ascertained that a flash of lightning sometimes darts 
more than three miles at once in a straight line. 

A person may be killed by lightning, although the 
explosion takes place at the distance o£ twenty miles, 
by what is called the back stroke. Suppose diat th^ 
two extremities of a cloud highly charged with electri- 
city hang down toward the eartJi : they will repel the 
electricity from the earth's surface, if it be of the same 
kind "with their own, and will attract the other kind; 
and if a discbarge should suddenly take place at one 
end of the cloud, the equilibrium will instantly be re- 
stored by a flash at that point of the earth which is un- 
der the other. Though the back stroke is often suffi- 
ciently powerful to destroy life, it is never so terrible in 
its effects as the direct shock, which is frequentW of 
inconceivable intensity. Instances have occurred in 
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which large masses of iron and stone, and even many 
feet of a stone wall, have been conveyed to a con- 
siderable distance by a stroke of lightning. Rocks and 
the tope of mountains often bear the marks of fusion 
from its action; and occasionally vitreous tubes, de- 
scending many feet into banks of sand, mark the path 
of the electric fluid. Some years ago, Dr. Fiedler ex- 
hibited several of these fulgorites in London, of con- 
siderable length, which had been dug out of the sandy 
plains of Silmia and Eastern Prussia. One found at 
Paderborn was forty feet long. Their ramifications 
generally terminate in pools or springs of water below 
the sand, which are supposed to determine the course 
of the electric fluki. No doubt the soil and substrata 
most influence its direction, since it is found by experi- 
ence that places which have been struck by lightning 
are often struck again. A school-house in Lammer- 
muir. East Lothian, has been struck three diflerent 
times. 

The atmosphere, at all times positively electric, be- 
comes intensely so on the approach of rain, snow, wind, 
hail, or sleet ; but it afterward varies, and the transi- 
tions are very rapid on the approach of a thunder-storm. 
An isc^ted conductor then gives out such quantities of 
sparks that it is dangerous to approach it, as was fatally 
experienced by Professor Richman, at Petersburg, who 
was stmck dead by a globe of fire from the extremity 
cyf a conductor, while making experiments on atmos- 
pheric electricity. There is no instance on record of an 
electric cloud of high tension being dispelled by a con- 
ducting rod silently withdrawing the electric flukl ; yet 
it may mitigate the stroke, or render it harmless if it 
should come. Copper conductors afford the best pro- 
tection against lightning, especially if they expose a 
broad sunace, since the electric fluid is conveyed atong 
the exterior of bodies. Conductors do not attract the 
electric fluid from the clouds ; their object is to carry 
it off in case of a stroke, and therefore they ought to 
project very little, if at all, above the building. 

When the air is highly rarefied by heat, its coercive 
power is diminished so that the electric fluid escapes 
from the clouds, and never can be accumulated beyond 
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freertain limit; ivfaence thoee lambent diflbse-liulies d 
Wgl^ning without timnder so freqad&ria i?Bnn sommer 
eveningB. / ' 

. The velocity (f£ electricity is so greet, that the moit 
lafNd motion which can be prodnoeid fay art appears Is 
be actual rest when oompued with it. A wtteri ra^ 
▼olving with celerity sufficient to render itt-^olm InfU^ 
ible, ^en iUuminated by a flash of l^htnhigi Is aeen fir 
an instant with all its apokes distinct, as if 'it* were ia-a 
state of absolute repose ; -because, howerer rapid tiM 
rotation may be, the light has oome and ah^eady ceased 
before the n^ieel has hpd time to turn tiirdpgfa gsBusiMs 
mce. This beautiful experiment is 4ne to Pnofeat 
Wheatstone, as well as &e foDomng variation m W, 
which is not less striking: Since a sunbeam mmsists of 
a mixture of blue, yeUow, and red li^tf if a efarealff 
piece of pasteboard be divided into three seetoray one 4i 
which is painted blue, another yellow, and a third redr 
it will appear to be white when revolving q;oicklyi' be- 
cause of the rapidity with wiiieh tlte impmridnaof tlw 
ookmi succeed each ^other on tlie retina. Bnt tiie in^ 
Btant it is illmmnated by an electric spark, it seems to 
stand still, and each color is as distinct as if 'it were at 
rest. This transcendent speed of the electric fluid has 
been ingeniously measured by Professor Wheatstone; 
and although his experiments are not far enou^ ad- 
vanced to enable him to state its absolute celerity, he has 
ascertained that it much surpasses the velocity of light 
In the horizontal diameter of a small disc fixed on the 
wall of a darkened room are disposed six small brass 
balls, well insulated from each other. An insulated 
copper wire half a mile long is disjoined in its middle, 
and also near its two extremities ; the six ends thus ob- 
tuned are connected with the six balls on the disc 
When an electric discharge is sent through the wire by 
connecting its two extremities, one with the positive, 
and the other with the negative coating of a Leyden 
jar, three sparks are seen on the disc, apparently at the 
same instant. At the distance of about ten feet, a small 
revolving mirror is placed so as to reflect these three 
sparks during its revolution. From the extreme velocity 
of the electricity, it is clear, that if the three sparks be 
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nmultaneous, they will be reflected, and will vanish be- 
fore the mirror has sensibly changed its position, how- 
ever rapid its rotation may be, and they will be seen in a 
■treight line. But if the three sparks be not simultane- 
ously transmitted to the disc — ^if one, for example, be later 
than the other two — the mirror will have time to revolve 
llirongh an indefinitely small arc in the interval between 
th» reflection of the two sparks and that of the single 
one. However, the only indication of this small motion 
oi the mirror will be, that the single spark will not be 
reflected in the saihe straight line with the other two, 
but a little above or below it, for the reflection of all 
fliree will still be apparently simultaneous, the time in- 
tervening being much too short to be appreciated. 

Since the number of revolutions which the revolving 
nnrror makes in a second are known, and the angular 
deviation of the reflection of the single spark from the 
reflection of the other two can be measured, the time 
elapsed between their consecutive reflections can be as- 
certained. And as the length of that part of the wire 
through which the electricity has passed is given, its ve- 
locity may be found. 

Since the number of pulses in a second requisite to 
produce a musical note of any pitch is known, the num- 
ber of revolutions accomplished by the mirror in a given 
time may be determined from the musical note produced 
i^ a tooth or peg in its axis of rotation striking against a 
ami, or from the notes of a siren attached to the axis. 
It was thus that Professor Wheatstone found the mir- 
ror which he employed in his experiments to make 800 
revohitions in a second ; and as the angular velocity of 
die reflected image in a revolving mirror is double that 
of the mirror itself, an angular deviation of one degree 
in die appearance of the two sparks would indicate an 
interval of the 576,000th of a second ; the deviation of 
half a degree would, therefore, indicate more than the 
millionth of a second. The use of sound as a measure 
of velocity is a happy illustration of the connection of the 
pinrsical sciences. 

When the atmosphere is highly charged with elec- 
tricity, it not unfrequently happens that electric light in 
the form of a star is seen on the topmast and yard-arms 
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^mrjpAed to tee brnafae* of liriit on dhe beab of 1 

MuradM, and st the pmnts of their fingsn* wl i uu ihiQr 
hiM np their hendi. Thli pheDomtoottwee-weil Juj iw i 
to the aneientB, who.rBekoned it a faxky emoAi 
, Many snbataooM in deoaying emit Iq^ ifhidl ia.aft^ 
trihoted to electricity, rach aa fish aod rotten woa^ 
<>yster aheOs, and a Tariety of nuneraby beeorato pfaBa» 
phoresoent at c^rtun teBap«*atDTea, tvhen exposed ^ti 
•iectric thociui or friction: indeed mnit^ the enuti 
which dlBtorb moiecnhur eqniUbdnift give riae to* pine* 
lihoric phenomena. The minerab poaaeanng tbb|inp^ 
er^ are ffenerBlly colored or imperfeotiy tnmpmniKfLJ^ 
and thonjk the ooknr of thia M^ ▼aria*']»diffioraBtealh 
itancea, it haa no fixed rehdion to the color of tbarann- 
eral. Anintenae heat enthrehr deatroya thk piop a ityj 
and the plioephareoceot li§^ derek^ped by heat JamB na 
connection with hg^t prodoced by friction, far Sir Da?id 
Brewster observed that bodies deprived of tiie fteadly of 
amittiiig the one are still ci^iable of gwibgonttheclhar. 
Amopg the bodies which generally-become pihoa|^ M nea 
cent when exposed to heat, there are seme specimens 
which do not possess this property, wherefiare pfaosfdio- 
rescence cannot be regarded as an essential churacter of 
the minerab possessing it. Sulpharet of calcium, known 
as Canton's phosphorus, and the sulphuret of barium, or 
Bologoa stone, possess the phosphorescent property in 
an eminent degree, and M. Edmond Becquerel has shown 
that on these substances a very reraarliable phosjdiores- 
cent effect is produced by the r action of the dliiferent 
rays of the solar spectrum. In former times Beccaria 
stated that the violet ray was the most energetic, and 
the red ray the least so, in exciting phosphoric light. M. 
Becquerel has shown that two luminous bands separated 
by a dark one are excited by the solar spectrum on pa- 
per covered with a solution of gum-araluc and strewed 
with powdered sulphuret of calcium. One of the In- 
minous bands occupies the space under the least refran- 
gible violet rays, and the other that beyond the lavender 
rays, so that the dark band lies on the part under the 
extreme violet and lavender rays. When the action of 
the spectral light is continued, the whole surface beyond 
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tlie least refrangible violet shines, the laminous bands 
already mentioned brightest, but all the space from the 
least refrangible violet to the extreme red remains dark. 
If the surface prepared with either the sulphuret of cal- 
cium or the Bologna stone be exposed to the sun^s light 
fiur a short time it becomes luminous all over, but when 
ki this state a solar spectrum is thrown upon it, the 
whole remains luminous except the part from the least 
refrangible violet to the extreme red, on which space 
the U^t is extinguished; and when the temperature of 
this surface is raised by a lamp, the bright parts become 
more luminous and the dark parts remain dark. Glass 
Stained by the protoxide of copper, which transmits only 
the red and orange rays together with the chemical rays 
that accompany &em, has the same effect with the less 
refrangible pait of the spectrum ; hence there can be no 
doubt that the most refrangible and obscure rays of the 
spectrum excite phosphorescence, while all the less re- 
fran^le rays of light and heat extinguish it. It appears 
from the experiments of MM. Biot and Becquerel that 
electrical disturbance produces these phosphorescent 
effects. There is thus a mysterious connection between 
the most refrangible rays and electricity, which the ex- 
periments of M. E. Becquerel confirm, showing that 
electricity is developed during chemical action by the 
violet rays, that it is very feebly developed by the blue 
and indigo, but that none is excited by the less refrangi- 
ble part of the spectrum. 

Paper prepared with the sulphuret of barium when 
under the solar spectrum shows only one space of max- 
imnm luminous intensity, and the destroying rays are 
the same as in sulphuret of calcium. 

Thus the obscure rays beyond the extreme violet 
possess the property of producing light, while the lumi- 
nous rays have the power of extinguishing it. 

The phosphoric spectrum has inactive lines which 
coincide with those in the luminous and chemical spec- 
tre at least as far as it extends, but in order to be seen, 
the spectrum must be received for a few seconds upon 
the prepared surface through an aperture in a dark 
room, then the aperture must be closed, and the tem- 
perature of the surface raised two or three hundred 



dbcreev; the j^osf^oreflcent ports tiiendbineliriffinili^ 
•Bid tlie dork lines appear black. 

Since the parts of similar refrangibility in thd dMr- 
ent spectza are traTened by tiie same dark lines, rm 
of the same refrangilnlity are probaUy absorbed at the 
same time by the dmerent media throni^ winch tlt^ 
pass* Multitades of fish are endowed^ ifntfa tiie ponftfr 
of emitting light at i^easorei no doubt to enabje tiuwi 
to pursue their prey at depths -where the sunbeam can- 
not penetrate. Flashes of Kght are frequency seen to 
dart along a shoal of herriiu^s or pikmrds ; and the 
BCe^osa tribes are noted for their phosphorescent bfiB- 
ianoy, many of which are extremely small, and 'so nur 
merous as to make the wake of a Tossel look fike a-stxeom 
of silver. Nevertheless, the luminous appeaxance whiidi 
is frequent^ observed in tiie sea during the oniittmor 
montl^ cannot olways be attributed to marine anitnafcaihp, 
as the following najrative will show:^ 

Captain Bonnycasde, oomine up the Oulf of 9t Law- 
rence on the 7Ui of September, 1826, was roused by 
the mate of the vessel in great alarm froni an unusuri 
appearance. It was It starlight night, when sndden^v 
the sky became overcast .in the direction of the'hi^ 
land of Comwaliis country, and an instantaneous and 
intensely vivid light, resembling the aurora, shot out of 
the hitherto gloomy and dark sea on the lee bow, which 
was so brilliant that it lighted everything distinctly, even 
to the mast-head. The light spread over the whole 
sea between the two shores, and the waves, which be- 
fore had been tranquil, now began to be agitated. Cap- 
tain Bonnycastle describes the scene as that of a blazing 
sheet of awful and most brilliant light. A long and vivid 
line of light, superior in brightness to the parts of the 
sea not immediately near the vessel, showed the base 
of the high, frowning, and dark land abreast ; the sky 
became lowering and more intensely obscure. Long, 
tortuous lines of light showed immense numbers of very 
large fish darting about as if in consternation. The 
spritsail-yard and mizen-boom were lighted by the glare, 
as if gas-lights had been burning directly below them ; 
and until just before daybreak, at four o'clock, the most 
minute objects were distinctly visible. Day broke very 
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dowly, and the sun rose of a fiery and threatening as- 
pect. Kain followed. Captain Bonnycastlo caused a 
bucket of this fiery water to be drawn up ; it was one 
mass of light when stirred by the hand, and not in sparks 
as usual, but in actual coruscations. A portion of the 
water preserved its luminosity for seven nights. On 
tbe third night, the scintillations of the sea reappeared ; 
this evening the sun went down very singularly, exhibit- 
ing in its descent a double sun ; and when only a few 
d^rees high, its spherical figure changed into that of 
a tong cylinder, which reachidd the horizon. In the 
night the sea became nearly as luminous as before, but 
oa the fifth night the appearance entirely ceased. Cap- 
tun Bonnycastle does not think it proceeded from ani- 
malcubs, but imagines it might be soma compound of 
phosphorus, suddenly evolved and disposed over the sur- 
hce of the sea ; perhaps from the exuviae or secretions 
1^ fish connected ¥rith the oceanic salts, muriate of soda, 
and sulphate g£ magnesia. 

The aurora bdrealis is decidedly an electrical phenom- 
enon, which takes place in the highest regions of the 
atmosphere, since it is visible at the same time from 
places very far distant from each other. It is somehow 
connected with the magnetic poles of the earth, and oc- 
casions vibrations in the magnetic needle. M. Arago 
has frequently remarked that the needle was powerfully 
agitated at Paris, by an aurora that was below the hori- 
xon, and consequently invisible, but whose existence 
was known from the observations of the polar navigators. 
The aurora has never been seen so far north as the pole 
of the earth's rotation, nor does it extend to low latitudes. 
It generally appears in the form of a luminous arch, 
stretching more or less from east to west, but never from 
north to south, the most elevated point being always in 
the magnetic meridian of the place of the observer ; and 
across tiie arch the coruscations are rapid, vivid, and of 
various colors, but whether there be any sound is still a 
disputed point. A similar phenomenon occurs in the high 
htitudes of the southern hemisphere. Dr. Faradii^ 
conjectures tliat the electric equilibrium of the earth is 
restored by the aurora conveying the electricity from tlie 
|)oles to the equator. 

19 Bb 
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Volteio Electricity— The Valteio Battexy— II . 

■ooof the Electricity of Tenaion with Electricity in I 

EfEecte— ]>ecompoeitiatt of Water— FonMtioB of Ckyitali by Volleic 
Electaricity— Electricml Fidi. 

Voltaic electricity is of that peeufiar imid Wfaleh is 
elicited by die force of chemical action. It is eomieefeed 
witibL one of the most brilliant period of Brttish soieiice, 
from the splendid discoveries to which it led Sir Hum- 
phry Dayy; and it has acqoired additional int erc s l 
nnce the discovery of the redprooal aietacm of Vetaie 
and magnetic cnrrents, which has proved diat magbedRB 
is only an effect of electricity, and that it has no existenee 
as a ^tinct or separate prindpie. ' Conseqaenify Voitak 
electridty, as immediately connected Witli the tlwofy of 
the earth and planets, forms a part o^ the jrihysical ae- 
count of their nature. 

In 1790, while Galvani, Professor of Anatomy in Bo^ 
logna, was making experiments on electricity, he was 
Surprised to see convulsive motions in the hmba of a 
dead frog accidentally lying near the machine during an 
electrical discharge. Though a similar action had been 
noticed long before his time, he was so much struck with 
this singular phenomenon, that he examined all the cn> 
cumstances carefully, and at length found that convulsions 
take place when the nerve and muscle of a frog are con- 
nected by a metallic conductor. This excited the atten- 
tion of all Europe ; and it was not long before Professor 
Volta of Pavia showed that the mere contact of different 
bodies is sufficient to disturb electrical eqmlibrium, and 
that a ciurent of electricity flows in one direction throng 
a circuit of three conducting substances. From this he 
was led, by acute reasoning and experiment, to the con- 
struction of the Voltaic pile, which, in its early form, 
consisted of alternate discs of zinc and copper, separated 
by pieces of wet cloth, the extremities being connected 
by wires. This simple apparatus, perhaps the most 
wonderful instrument that has been invented by the in- 
genuity of man, by divesting electricity of its sudden and 
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uncontrollable violence, and giving in a continued stream 
a greater quantity at a diminished intensity, has exhibited 
that fluid under a new and manageable form, possessing 
powers the most astonishing and unexpected. As the 
Voltaic battery has become one of the most important 
engines of physical research, some account of ks present 
condition may not be out of place. 

The disturbance of electric equilibrium, and a devel- 
opment of electricity, invariably accompany the chem- 
ical action of the fluid on metallic substances, and are 
most plentiful when tliat action occasions oxidation. 
Metals vary in the quantity of electricity afforded by 
their combination with oxygen. But the greatest 
abundance is developed by the oxidation of zinc by weak 
sulphuric acid. And in conformity with the law that 
one kind of electricity cannot be evolved without an 
equal quantity of the other being brought into activity, 
it is found that the acid is positively, and the zinc nega- 
tively electric. It has not yet been ascertained why 
equilibrium is- not restored by the contact of these two 
substances, which are both conductors, and in opposite 
electrical states. However, the electrical and chemical 
changes are so connected, that unless equilibrium be 
restored, the action of the acid will go on languidly, or 
stop as soon as a certain quantity of electricity is accu- 
mulated in it. Equilibrium nevertheless will be restored, 
and the action of the acid will be continuous, if a plate of 
copper be placed in contact with the zinc, both being 
immersed in the fluid ; for the copper, not being acted 
upon by the acid, will serve as a conductor to convey 
the positive electricity from the acid to the zinc, and 
will at every instant restore the equilibrium, and then 
the oxidation of the zinc will go on rapidly. Thus 
tlnree substances are concerned in forming a Voltaic 
circuit, but it is indispensable that one of them should 
be a fluid. The electricity so obtained will be very 
feeble in overcoming resistances offered by imperfect 
conductors interposed in the circuit, or by very long 
wires, but it may be augmented by increasing the num- 
ber of plates. In the common Voltaic battery, the 
electricity which the fluid has acquired from the first 
plate of 7<inc, exposed to its action, is taken up by the 
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r plato beloiigkig to the second pnr. Mid tnuMfiam^ 
to*£bie ecH^ond kiuc plate, with which h ie coaneotod. 
The second pbte of sine possessing equal powm, and 
acting in oonuMnnity 'vntli me firsi;, having tbu aicqasted 
a larger pcurticm of electricity than its natond sfa|re, 
cfnununicates a larger quantity to the fluidm liie aeooiid 
cell. This increarod quantity is agsiB transleired to 
die next pair of pktos ; and thus eveiy succeeding al- 
ternation is productive qi a. filithtf increase in the 
quai^ily of the- electricity derelpped.^ This, action, 
however, would stop unless a vent were given to the 
accumulated electricity,^ by establishing a coaamnaieation 
between the po(|itive and negative polea cf the baSbny, 
by means of wires attached to the extreme plate at eadi 
end. When the wires are broug^ into contact, the 
VoltBic circuit is completed, the elecCricitiea meet and 
^neutraliise each other, producing the shock and other 
efectrical ph^iomena; and then th^ ^ectrio euneut 
continues to flow uninterruptedlv in the oirsuti aa long 
as the chemical action lasts. The stream of positive 
electricity flows from the zdnc tp the copper. The 
ccmstruction and power of the Votoic battery has been 
much unproved of late years, but the most valuable 
recent improvement is the constant battery c^ Professor 
Daniel!. In all batteries of the ordinary coustructioo, 
the power, however energetic at first, rapidly diminishes, 
-and ultimately becomes very feeble. Professor Daniell 
found that this diminution of power is occasioned by the 
adhesion of the evolved hydrogen to the surface of Uie 
copper, and to the precipitation of the sulphate formed 
by the action of the acid on the zinc. He prevents the 
latter by interposing between the copper and the zinc, 
in the cell containing the liquid, a membrane which, 
without impeding the electric current, prevents the 
transfer of the salt; and the former, by placing between 
the copper and the membrane solution of sulphate of 
copper, which being reduced by the hydrogen prevents 
the adhesion of this gas to the metallic surface. Each 
element of the battery consists of a hollow cylinder of 
copper, in the axis of which is placed a cylindrical rod of 
zinc ; between the zinc and the copper a membranous 
bag is i^ed, which divides the cell into two portions. 
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the inner of which is filled with dilute acid, and the one 
nearer the copper is supplied with crystals of the sul- 
phate of that metal. The battery consists of several of 
these elementary cells connected together by metallic 
wires, the zinc rod of one with the copper cylinder of 
that next to it. The zinc rods are amalgamated, so that 
local action, which in ordinaiy cases is so destructive of 
the zinc, does not take place, and no chemical action is 
manifested unless the circuit be completed. The rods 
are easily detached, and others substituted for them 
when worn out. This battery, which possesses con- 
siderable power, and is constant in its effects for a very 
long period of time, is greatly superior to all former ar- 
rangements, either as an instrument of research, or for 
exhibiting the ordinary phenomena of Voltaic electricity. 

A battery charged with water alone, instead of acid, 
» rerj constant in its action, but the quantity of elec- 
tricity it developes is comparatively very small. Mr. 
Cross of Broomfield in Somersetshire, has kept a bat- 
tery of this kind in full force during twelve months. 
M. Becqnerel had invented an instrument for comparing 
the intensities of the different kinds of electricity by 
means of weights ; but as it is impossible to make the 
comparison with Voltaic electricity produced by the or- 
dinary batteries, on account of the perpetual variation 
to which the intensity of the current is liable, he has 
constructed a battery which affords a continued stream 
of electricity of uniform power, but it is also of very 
feeble force. The current is produced by the chemical 
combination of an acid with an alkali. 

Metallic contact is not necessary for the production of 
Voltaic electricity, which is entirely due to chemical 
action. The intensity of the Voltaic electricity is in 
proporfaon to the intensity of the affinities concerned in 
its production, and the quantity produced is in propor- 
tion to the quantity of matter which has been chem- 
IcaHy active during its evolution. Dr. Faraday considers 
this definite production to be one of the strongest proofs 
Aat the electricity is of chemical origin. 

Galvanic or Voltaic, like common electricity, may 
either be considered to consist of two fluids passing in 
opposite directionB through the circuit, or, if the hypoth- 
bb2 



eilB of ^tii^ fluid be adopted, the zinc end nf the bat- 
tery may bo supposed tti have mi excess of electricity^ 
and the coppor end a deiicioticy. HpDcer in tbe latter 
case, tbe zinc is the poBitive end of the battery ^ and tbo 
copper the ntgative. 

Voltaic eleciricity ia distinguished by t-wo marked 
charttcters. Ita intaniiity increases ¥Fith tlie number of 
plate a— its quantity with the extent of their surfaces* 
The mest intense concentration of fbrae h dia|>byed by 
a nnrneroufl series of large plates, light and heat are 
copiously evolved, and ehemicaJ decompoi^iuon is accom> 
piisUed with exlTaordinarj^ energy j wh©rea» the elec- 
tricity from one pau- of plates, wbatever their sixe may 
he, h m feeble that it gives no sign either of attractioQ 
or repulsion \ and, even with a battery consistinie; of a 
very great number of plates, it is dilTicult to render the 
mutual attraction of it^s two wb*es sensible, tliough of 
opposite electricities* 

The action of Voltaic elecbici^ differs in some re- 
ipects materially from tbat of the ordinary kind* When 
a quantity of common elccti'ictty is aecutnulated, the 
i-estoration of equilibrium is attended by an in^tantaneoua 
violent estplosion, accompajiied by tlie development of 
light, heat, and sound* The concentrated jMJwer of the 
iluid forccii ita way throui^h every obstacle, disrupting 
and destroying the cohesion of the particles of the bodies 
through which it passes, and occasionally increasing its 
destructive effects by the conversion of fluids into steam 
from the intensity of the momentary heat, as when 
trees are torn to pieces by a stroke of lightning. Even 
the vivid light which marks the path of the electric fluid 
is probably owing in part to the sudden compression of 
the air and other particles of matter during the rapidity 
of its passage, or to the violent and abrupt reunion of 
the two fluids. But the instant equilibrium is restored 
by this energetic action the whole is at an end. On the 
contrary, when an accumulation takes place in a Vcdtaic 
battery, equilibrium is restored the moment the circuit 
is completed. But so far is the electric stream from 
being exhausted, that it continues to flow silently and 
invisibly in an uninterrupted current supplied by a per- 
petual reproduction. A^d fdthough its actioa on bodiea 
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is neither so sudden nor so intense as that of common ' 
electricity, yet it acquires such power, from constant 
accumulation and continued action, that it ultimately 
surpasses the energy of the other. The two kinds of 
electricity differ in no circumstance more than in the 
development of heat. Instead of a momentary evolu- 
tion, which seems to arise from a forcible compression 
of the particles of matter during the passage of the com- 
mon electric fluid, the circulation of the Voltaic electricity 
is accompanied by a continued development of heat, 
lasting as long as the circuit is complete, without pro- 
ducing either light or sound ; and this appears to be its 
immediate direct effect, independent of mechanical ac- 
tion. Its intensity from a very powerful battery is 
greater than that of any heat that can be obtained by 
artificial means, so that it fuses substances which resist 
the action of the most powerful furnaces. The temper- 
ature of every part of a Voltaic battery itself is raised 
during its activity. 

AVhen the battery is powerful, the luminous effects of 
Voltaic electricity are very brilliant. But considerable 
Intensity is requisite to enable the electricity to force its 
way through the air on bringing the wires together 
from the opposite poles. Its transit is accompanied by 
light ; and in consequence of the continuous supply of 
the fluid, sparks occur every time the contact of the 
wires is either broken or renewed. The most splendid 
artificial light, known is produced by fixing pencils of 
charcoal at the extremities of the wires, and bringing 
.them into contact. This light is the more remarkable, 
as it appears to be independent of combustion, since the 
charccxed suffers no change, and likewise because it is 
jaqually vivid in such gases as do not contain oxygen. 
Though nearly as bright as solar light, it differs materi- 
ally from it when analyzed with a prism. Professor 
Wheatstone has found that the appearance of the spec- 
tn^n of the Voltaic spark depends upon the metal from 
whence the spark is taken. The spectrum of that from 
mercury consists of seven definite rays, separated from 
each other by dark intervals ; these visible rays are two 
orange lines close together, a bright green line, two 
bluish green lines near each other, a very bright purple 
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iBO* and lasdy a violet line. The vp&A taken from 
ifaMf ' cadmlniiif tiiiy bimiithy hm lead bi um BMtoa 
itate, pires similar reanlls ; but the mmber, poBHieii, 
aad coMT ^ tlie BneKva^ ae mueh in eadh ease, sad 
ibwjppcttnaat^a are sodBwnrenty that tiie metali.iiiiiy bit 
easfljr diitingiuBhed frem eaeh otiher hj tiiii noA» ef 
krfestigatioB. It. appears, meraover, tiiat Hie Bi^ dees 
not arise from the eomlmstien of tib# metal; Ibr the 
Voltaie spariL ti^en from meroury suLceBsivelf in the 
▼actmm ctt an air-pamp, in tihe ToinodliaBTiaaiim^-and 
in carbooie acid gas, is preeiseff the same as ytbiM fiie 
experiment is performed in Ine air er in ^x y gmtpm, 
Netwithstanding l3ie ^Bflerence- between eletli'ki Hud 
solar fight, M. Arago m incSned to atUi i m to tlie intense 
li|^ and heat of the sun to c^etrical action. 

Voltaie electricity is a powerfol agent incheBrical 
analysis. When transmitted throng cuudticliiv flmds 
it separates them into their constitaent parts, miclt it 
conveys in an invisisiUe state throngfa a eonsiderable 
space ^ qnaatiiy of liquid to the poles, Vfiiere fbef 
eome into- evidence. Nnmerons i ns t ance s might be 
given, but the decomposition of waters perhaps the 
most simple and elegant. Suppose a.g^lass tube tOied 
with water and corked at both ends ; if one of the wires 
of an active Voltaic battery be made to pass throng^ 
ODe cork and tho other through the other cork, into the 
water, so that the extremities of the two wires shaD be 
opposite and about a quarter of an inch asunder, chemi- 
cal action will immediately take place, and gas will con- 
tinue to rise from the extremities of both wires till the 
water has vanished. If an electric spark be then sent 
through the tube, the water will reappear. By arrang- 
ing the experiment so as to have the gas given out by 
each wire separately, it is found that water consists of 
two volumes of hydrogen and one of oxygen. The hy- 
drogen is given out at the positive wire of the battery, 
and the oxygen at the negative. The oxides are also 
decomposed ; the oxygen appears at the positive pole, 
and the metal at the negative. The decomposition of 
the alkalies and earths by Sir Humphry Davy formed 
a remarkable era in the history of Science. Soda, 
potass, lime, magnesia, and other substances heretofore 
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considered to be simple bodies incapable of decomposi- 
tion, were resolved by electric agency into their constit- 
uent parts, and proved to be metallic oxides, by that 
ifinstrious philosopher. All chemical changes produced 
by the electric fluid are accomplished on the same prin- 
ciple ; and it appears that in general, combustible sub- 
stances, metals, and alkalies go to the negative wire, 
while acids and oxygen are evolved at the positive. 
The transfer of these substances to the poles is not the 
least wonderful effect of the Voltaic battery. Though 
the poles be at a considerable distance from one another, 
nay, even in separate vessels, if a communication be 
only established by a quantity of wet thread, as the de- 
composition proceeds the component parts pass through 
the thread in an invisible state, and arrange themselves 
at their respective poles. According to Dr. Faraday, 
electro-chemical decomposition is simply a case of the 
preponderance of one set of chemical affinities more 
powerful in their nature over another set which are less 
powerful. The great efficacy of Voltaic electricity in 
chemical decomposition arises from the continuance of 
its action ; and its agency appears to be most exerted 
on fluids and substances which, by conveying the elec- 
tricity partially and imperfectly, impede its progress. 
But it is now proved to be as efficacious in the compo- 
sition as in the decomposition or analysis of bodies. 

It had been observed that when metallic solutions are 
subjected to galvanic action, a deposition of metal, some- 
times in the form of minute crystals, takes place on the 
negative wire. By extending this principle, and em- 
ploying a very feeble Voltaic action, M. Becquerel has 
succeeded in forming crystals of a great proportion of 
the mineral substances, precisely similar to those pro- 
duced by nature. The electric state of metallic veins 
makes it possible that many natural crystals may have 
taken their form from the action of electricity bringmg 
their ultimate particles, when in solution, , within the 
narrow sphere of molecular attraction already mentioned 
as the great agent in the formation of solids. Both light 
and motion favor crystalization. Crystals which form 
in different liquids are generally more abundant on the 
side of the iar exposed to the light ; and it is well known 
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that •til] water, cooled below 32^, starta into cryatak of 
ice the inatant it is a^tated. Lic^t and motion are 
intimately connected with electridty, which may there- 
fore have some influence on the laws of aggregation; 
Ihia 18 die more likely, as a feeble action is atoie necea* 
- taxy, provided it be continued for a sufficient time. 
Cnrstals formed rapictt^ are generally imperfect and 
aoft, and M. Becquerel tonnd tiuit even yean of constant 
Voltaic action were necessary for the cryatalivation of 
some of the hard substances. If this law be ^nend, 
how many ages may be required for the fivmation of a 
diamond f 

The deposition of metal from a metallic adfaitaon by 
galvanic electricUy has been most suocesifiillty applied 
to the art of plating and gilding, as well as to ue more 
delicate process of copying medals and icopper plates. 
Indeed, not metals on^, but any object of art or nature 
may be coated with precipitated metal, provided it be 
first covered with the thinnest film of lumbago, which 
renders a non-conductor sufficiently conducting to re- 
ceive the metal. 

Common electricity, on account of its high tension, 
passes through water and other liqtuds, as aoon as it is 
formed, whatever the length of its course may be. Vol- 
taic electricity, on the contrary, is weakened by the dls- 
taDce it has to ti-averse. Pure water is a very bad con- 
ductor; but ice absolutely stops a current of Voltaic 
electricity altogether, whatever be the power of the bat- 
tery, although common electrici^ has sufficient power 
to overcome its resistance. Dr. Faraday has discovered 
that tliis property is not peculiar to water ; that, with a 
few exceptions, bodies which do not conduct electricity 
when solid, acquire that property, and are immediately 
decomposed, when they become fluid ; and in general, 
that decomposition takes place as soon as the solution 
acquires the capacity of conduction, which has led him 
to suspect that the power of conduction may be only a 
consequence of decomposition. 

Heat increases the conducting power of some sub- 
stances for Voltaic electricity, and of the gases for both 
kinds. Dr. Faraday has given a new proof of the con- 
nection between heat and electricity, by showing that 
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in general, when a solid which is not a metal becomes 
fluid, it almost entirely loses its power of conducting 
heat, while it acquires a capacity for conducting elec- 
tricity in a high degree. 

The galvanic fluid affects all the senses. Nothing can 
be more disagreeable than the shock, which may even 
be fatal if the battery be very powerful. A bright flash 
of light is perceived with the eyes shut, when one of 
the wires touches the face and the other the hand. By 
touching the ear with one wire and holding the other, 
strange noises are heard, and an acid taste is perceived 
when the positive wire is applied to the tip of the tongue 
and the negative wire touches some other part of it. 
By reversing the poles the taste becomes alkaline. It 
renders the pale light of the glow-worm more intense. 
Pead animals are roused by it, as if they started again 
into life, and it may ultimately prove to be the cause of 
muscular action in the living. 

Several fish possess the faculty of producing electrical 
effects. The most remarkable are the gymnotus elec- 
tricus, found in South America; and the torpedo, a 
species of ray, frequent in the Mediterranean. The 
electrical action of the torpedo depends upon an appa- 
ratus apparently analogous to the Voltaic pile, which the 
animal has the power of charging at will, consisting of 
membranous columns filled throughout with laminae, sep- 
arated from one another by a fluid. The absolute quan- 
tity of electricity brought into circulation by the torpedo 
is so great, that it affects the decomposition of water, 
has power sufiicient to make magnets, gives very severe 
shocks and the electric spark. It is identical in kind 
with that of the galvanic battery, the electricity of the 
under surface of Sie fish being the same with the neg- 
ative pole, and that in the upper surface the same with 
the positive pole. Its manner of action is, however, 
somewhat different; for although the evolution of the 
electricity is continued for a sensible time, it is inter- 
rupted, being communicated by a succession of dis- 
charges. 
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Terrfstrid MaffJietJ^Bii— Mugrn^^li'c PqIos— Liooi of cquil aad no Vsriation 
— Tlxft Dip— The MagTiPtic EqiMtw— MajpiHtrc Isteustty— Stscalar, psri- 
mllCj ami LmnBitory Vsunm.ii(mft iu the Moguetiu PhcD^^^imirna — I3ri^ifi ni' 
tlw Marine t's Cuui|]iiJ4a— NatuHvl Magnets— Anidrinl Majg'Bi^li— Pcilaritj 
— Indurtitm— IntfliiHitjr— liyXKJthrKsii* uf two Magnetic FluJda— Dirtfifet*- 
t{DD of thfl MagnntJc Fluid-- Analogy between Ma^etism atid BieCtricity* 

lif order to explain fhi? other methods of exciting 
©lecfricity^ nnd the recent disco vei'ies in that science, it 
is necesattry to bi> acqiinitited with the general thoory 
of mngnetism, and aho with the magnetism of the eardi, 
the director of the mariner' b compasa— his guide through 
liie ocenn* 

The distrihation of terrestrial magnetism is verf com- 
plicated, and the obserrationa simultaneously made at 
the various mfl^etic establishment^^ recently formed in 
both hemisphert^s have chani^ed many of the opioioR* 
formerly received with regiird to tliat science. 

JtB influence, arising from unknown causes in the in- 
terior of the earth, extends over every part; of iti surface, 
but seems to bo independent of the form and of the 
peenlbirities of the exterior of our pbinet (a). Its 
at^lion nn the magnetic i^eedle determines the mui^netic 
I>oles of the earth, which do not coincide with the poles 
of rotation. 

Mr. Hansteen of Copenhagen computed, from obser- 
vations in various parts of the world, that there are two 
magnetic poles in each hemisphere, while M. Grauss 
has concluded there is only one in each (A), The 
position of one of these poles was determined by our 
gallant countrymen when endeavormg to accomplish the 
north-west passage round America. It is situate in 70° 
5' 17" north latitude, and 96° 46' 46" west longitude. 
Another northern magnetic pole is known by observa- 
tion to be in Siberia, somewhat to the north of 60° north 
latitude and in 102° east longitude, so that the two poles 
are 198° 46' 45'' asunder. In his recent voyage to the 
Antarctic regions Sir James Ross ascertained that one 
of the southern magnetic poles is in 70° south latitude, 
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and about 162° east longitude. The position of the 
other south magnetic pole, if it exists, is unknown. 

In consequence of the attraction and repulsion of 
theso poles, a needle suspended so as to move freely in 
a horizontal direction, whether it be magnetic or not, 
only remains in equilibrio when in the magnetic meridian, 
diat is, when it is an a place which passes through a 
north and a south magnetic pole. In some places the 
magnetic meridian coincides with the terrestrial me- 
ridian, and in these a magnetic needle freely suspended, 
as ID the mariner's compass, points to the true north; 
but if it be carried successively to different places on 
the earth's surface its direction will deviate, sometimes 
to the east, and sometimes to the west of the true north. 
Imaginary lines drawn on the globe through all the 
places where the needle points due north and south are 
cidled lines of no variation. Imaginary lines drawn 
dirough all those i^aces where the needle deviates from 
the geographical meridian by an equal quantity, are lines 
of equal variation. 

A magnetic needle suspended so as to be movable 
only in a vertical plane dips, or becomes more and more 
inclined to the horizon the nearer it is brought to a 
magnetic pole, and there it becomes vertical. Lines 
of equal dip are such as may be imagined to pass 
through all diose points on the globe where the dipping 
needle makes the same angle with the hoiizon. In 
some places the dipping needle becomes horizontal, and 
there the influences cS* the north and south poles are 
balanced, and an imaginary line passing through all such 
places is the magnetic equator. In going noith from 
the magnetic equator one end of the dipping needle dips 
more and more till it becomes perpendicular at the 
^north magnetic pole, while in proceeding south from 
the magnetic equator die other end of the dipping 
needle dips, and at last becomes perpendicular at the 
south magnetic pole. The magnetic equator does not 
coincide with the ten*estrial equator : it appears to be 
an irregular curve passing round the earth, inclined 
to the earth's equator at an angle of about 12°, and 
erossing it in several points, the position of which seems 
still to be uncertain. According to some accounts, three 
Co 
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pcnnts haTo been Bscert^ined in wfaidi that earwe cnti 
die eoruator; yet Captain Dupeiry, who ^nroMed it f»- 
peatedhr, affirms, mm his own obserratknu oonofained 
with those of M. Jnles de Bosville and of Colonel 
Sabine, that it crosses the terreMrial equator in. two 
points onW-, and those diametrical^ opponte one :to the 
other, and not fbr fimn the metidian of Paris. * - One of 
these nodes he placesi in the Atlantic, the oilier in the 
Pacific ocean. He finds that the magnetic eqaator 
deviates but little from &e terrestrial equator in .tibat 
part of the Pacific where there are onj^ a lew seattend 
islands (&^, that as the islands become more frequent 
the deviation increases, and arrives at a masdmnm botib 
to ^e north and south in travnaing the Afrieajgiand 
American continents; and that the symmetry of the 
northern and southern segments of tlus curve is mnoh 
greater than was imagined. ''' 

The intensity of the magnetic force is difierent hi dif- 
ferent parts of ^e eartii. If a magnetic needle, freelty 
suspended so as to move horizontally, and at rest in, a 
magnetie meridian, be drawn any number of degrees 
from that position, it will make, a certain number of os- 
cillations before it resumes its state of rest. The inten- 
sity of the magnetic force is determined from these os- 
cillations, in the same manner that the intensity of the 
gravitating and electrical forces is known from the vibra- 
tions of the pendulum and the balance of torsion (c) : 
and in all these cases it is proportional to the squares of 
the number of oscillations performed in a given time, 
consequently a comparison of the number of vibrations 
accomplished by the same needle during the same time 
in different parts of the earth^s surface will determine 
the variations in the magnetic action. By this method 
it vms discovered that the intensity of the magnetic force 
increases from the equator tovirard the poles ; but the 
foci of the greatest total intensity of the magnetic force 
seem neither to coincide with the magnetic nor rotatory 
poles of the earth {d). One of these foci, according to 
Colonel Sabine's magnetic chart, is situate about the 47*^ 
south latitude and 140° east longitude, while another of 
less energy is in 60° south latitude and 235° east longi- 
tude. The point of least total magnetic intensity on the 
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whole globe is by the same chart about the 25° south 
latitude and 12^ west longitude. In the northern hem- 
isf^ere the foci of maximum intensity are in lat. 54° 32^ 
N., long. 261° 27' E., and kt. 71° 20' N., long. 119° 57' E., 
according to M. Gauss's calculations. The magnetic 
intensity appears to be doubled in the ascent from the 
equator to Baffin's bay. 

Such are the principal phenomena of terrestrial mag- 
netism, but it is subject to secular, periodical, and tran- 
sient disturbances still imperfectly known. In the north- 
em hemisphere, the poles, the lines of equal and no 
variation, the equator, and in short the whole system is 
gradually moving toward the east, so that the relations 
observed in Europe two centuries ago have now reached 
the limits between Europe and Asia, while other parts 
c^the system have moved gradually over to us from the 
west. In the southern hemisphere the secular motion 
of the poles and of the whole system is in a contrary 
direction. The cause of these secular disturbances is 
altogether unknown. 

The horizontal needle or compass at any one place is 
also subject to periodic and transient perturbations. 
Great disturbances occur on the same day, or nearly on 
the same day, in different years, from causes unknown. 

There are also disturbances which, according to the 
observations of M. Kreil, in Milan, depend on the decli- 
nation of the moon and her distance from the earth ; 
others of shorter duration seem to be inthnately con- 
nected with the motion of the sun in regard to the mag- 
netic meridian of the place of observation. In conse- 
quence of the latter, the needle in the same place is 
subject to diurnal variations: in our latitudes the end 
that points to the north moves slowly westward during 
tlie forenoon, and returns to its mean position about ten 
m the evening; it then deviates to the eastward and 
again returns to its mean position about ten in the 
morning. 

M. Kupffer of Casan ascertained that there is a noctur- 
nal as well as a diurnal variation, depending in his opinion 
upon a variation in the magnetic equator. Magnetic 
storms, or sudden and great but transient disturbances, 
take place occasionally in the compass, which are per- 




mkred MmnlbmeoaBly over widelly^ extonted : 
JwhOe jothan of Icmb amgiikade and dniatipn ootvr i 
fivqoenlJy, ttod are, eqiul^ witill t)u»«r«ater 
Ue to.aiij4iiown.]fpmk 

The dip is subject toft ■eealarYaMtaonw I 
to Colonel Sabine haa. been decgaaakig wl Morthmm} 
txides for the last fifty years at the imtei «Ctlira« iBirailiB a 
aimuaUy, and is firobablt^ owftng to tte aeculairinotiptt of 
tho magpeCio equator. Thore are dlatuibanooe tkm in 
ihe dip of apenpdie iiatore, aad oliieca^ Teiymuiaiaiife, 
which M. &reil attributes to wesk ahooks of eaorth* 
quakes, haTiog obaenred that the greatest vertMaLdia* 
torbauces hiare alaaost tbm^ ooioeided with eoiiai3«r- 
■Ue eailhqpakee fewu when, they ooonirad hi vemoto 
refflons. ''■... / 

The magoetie intenaiiy is aubjecfc to fariDna- cb angoa * 
M. Haasteen has found that k has been deoreasing an- 
ouaUy at Christiana, I^ndoiH and Paris at the rate of 
lis 235th, 725th, and 1020th parte vespedtively^ whidi 
he attributes to the motion of the Siberian negnetie 
{tola. The moon increases tiia magnetie intoiiaiQr in 
our hemisphere : but her influence differs with her dif- 
ferenee of position in the heavens. The times of Tibra« 
tion of the needle are less when the moon has south 
declination than when she has north, and they are less 
when she is in perigee than in apogee. It is stifl doubtful 
whether magnetic intensity varies with the height above 
the earth or not. 

The diurnal variation in the horizontal intensity ob- 
served by M. Hansteen at Christiana is probably owing 
to the sun's influence : indeed the whole of the magnetic 
disturbances have been ascribed to that cause ; and he 
has even found a general resemblance between the iso- 
thermal lines and the lines of equal dip on the surface 
of the earth : yet in the present state of our knowledge 
the magnetic phenomena can only be regarded as the 
effects of a combination of causes whose separate action 
is still unknown. 

The inventor of the mariner's compass, like most pf 
the early benefactors of mankind, is unknown. It is 
even doubted which nation first made use of magnetic 
polarity to determine positions on the suriiu^ of the globe. 



Skt. XXX. THJS MAUNER'd VOMFABB. 305 

But it is gaid that a rude form of tbe compass was in- 
vented in Upper Asia, and conveyed thence by the 
Tartars to China, where the Jesuit missionaries found 
traces of this instrument having been employed as a 
guide to land travelers in very remote antiquity. From 
that the compass spread over the East, and was impelled 
into Europe by the Crusaders, and its construction im- 
proved bj an aitist of Amalfi, on the coast of Calabria* 
It seems that the Chinese only employed twenty-four 
cardinal divisions, which the Germans increased to 
^rty-two, and gave the points the names which they 
still bear. 

The variation of the compass was unknown until Co- 
Jumbus, during his first voyage, observed that the needle 
declined from the meridian as he advanced across the 
Atkntic. The dip of the. magnetic needle was first no- 
ticed by Robert Norman, in the year 1576. 

Very delicate experiments have shown that all bodies 
aiie more or less susceptible of magnetism. Many of 
the gems give signs of it ; cobalt and nickel always pos- 
sess the pitxperties of attraction and repulsion. But the 
magnetic agency is most powerfully developed in iron, 
and in that particular ore of iron called the loadstone, 
which consists of the protoxide and the peroxide of iron, 
together with small portions of silica and alumina. A 
jnetal is ofiten susceptible of magnetism if it only contains 
the 130,000th part of its weight of 'iron, a quantity too 
;small to be detected by any chemical test. 

The bodies in question are naturally magnetic, but 
that property may be imparted by a variety of methods, 
as by friction with magnetic bodies, or juxtaposition to 
them ; but none is more simple than percussion. A bar 
of hard steel, held in the direction of the dip, will be- 
come a magnet on receiving a few smart blows with a 
•hammer on its upper extremity ; and M. Hansteen has 
ascertained that every substance has magnetic poles 
when held in that position, whatever the materials may 
be of which it is composed. 

One of the most distingmshing marks of magnetism is 

polarity, or the property a magnet possesses, when freely 

suspended, of spontaneously pointing nearly north and 

■BDUtH, jond always returning tg that position when dia- 

20 cc2 
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tmbed. Anodier properly of a magnet is tiw attiaetioii 
of anniagnelized iron. Bol^ poles of a magnet attnet 
iroo, wh&h in retom attracts either pc^ of tiie mugoet 
with an equal and contrary force. The magtietic in- 
tensity is most powerful at the poles, as may easi^ be 
seen by dipjnng the magnet into iron filings, which will 
adhere abundsntly to each pole, while scaiee^ any 
attach themisehres to the intermediate piarts. The 
action of the magnet on unmagnetiBed iron is confined 
to attraction, whereas the reciprocal ageing of inagBeto 
is characterised by a repulsive as well as «n attraethre 
force, for a north pole repels^a north pde, and a south 
repels a south pole. But a nordi and a south pcde 
mutually attract one another, which prores that tfaer^ 
are two distinct kinds of magnetic finrces, dsretdj op- 
posite in then: effects, though nmilar in ^nr mode of 
action. 

Induction is ^e power which a magnet posseeses of 
ezcntan| temporary or permanent magnetism in such 
bodies m its Vicinity as are capable of redrinring it. By 
this property the mere approach of a magnet renders 
iron or steel magnetic, the more powerfully the less the 
distance. When the north pole of a magnet is bix>u^ 
near to, and in the line with, an unmagnetized iron l»r, 
the bar acquires all the properties of a perfect magnet ; 
the end next the noith pole of the magnet becomes a 
south pole, while the remote end becomes a north pole. 
Exactly the reverse takes place when the south pole is 
presented to the bar ; so that each pole of a magnet 
induces the opposite polarity in the adjacent end of the 
bar, and the same polarity in the remote extremity; 
consequently the nearest extremity of the bar is at- 
tracted, and the farther repelled ; but as the action is 
greater on the adjacent than on the distant part, the 
resulting force is that of attraction. By induction, the 
iron bar not only acquires jjolarity, but the power rtf 
inducmg magnetism in a third body ; and although all 
these properties vanish from the iron as soon as the 
magnet is removed, a lasting increase of intensity is 
generally imparted to the magnet itself by the reaction 
of the temporary magnetism of the iron. Iron acquires 
magnetism more rapidly than steel, yet it kwes it as 
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quickly on the removal of the magnet, whereas the 
steel is impressed with a lasting polarity. 

A certain time is requbite for the induction of mag- 
netism, and it may be accelerated by anything that 
excites a vibratory motion in the particles of the steel, 
such as the smart stroke of the hammer, or heat suc- 
ceeded by sudden cold. A steel bar may be converted 
into a magnet by the transmission of an electric discharge 
through it; and as its efficacy is the same in whatever 
ctirection the electricity passes, the magnetism arises 
from its mechanical operation exciting a vibration among 
the particles of steel. It has been observed that the 
particles of iron easily resume their neutral state after 
induction, but that those of steel resist the restoration 
of magnetic equilibrium, or a return to the neutral state ; 
it is therefore evident, that any cause which removes 
or diminishes the resistance of the particles will tend to 
destroy the magnetism of the steel ; consequently, the 
same mechanical nieans which develop magnetism will 
also destroy it. On that account a steel bar may lose 
its magnetism by any mechanical concussion, such as by 
falling on a hard substance, a blow with a hammer, and 
heating to redness, which reduces the steel to a state of 
softness. The circumstances which determine whether 
it shall gain or lose, are its position with respect to the 
nu^netic equator, and the higher or lower intensity of 
its previous magnetic state. 

Polarity of one kind only cannot exist in any portion 
of iron or steel ; in whatever manner the intensities of 
the two kinds of polarity may be diffused through a mag- 
net, they exactly balance or compensate one another. 
The northern polarity is confined to one-half of a mag- 
net, and the southern to the other, and they are gener- 
ally concentrated in or near the extremities of the bar. 
When a magnet is broken across its middle, each frag- 
ment is at once converted into a perfect magnet ; the 
part which originally had a north pole acquires a south 
pole at the fractured end ; the part that originally had a 
south pole gets a north pole ; and as far as mechanical 
division can be carried, it is found that each fragment, 
however small, is a perfect magnet. 

A comparison of the number of vibrations accomplished 
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li^ the seiriei pewdlei, during iiie wne tim6| at dlfferant 
distances from .a magiiel;, gms liie law of tm^etio is- 
tensiiy, which fiiUows Aa inTera^ ratio of the tqiiaM oC 
the dtstaacesir-a law tiiat is sot affeoted by the into^- 
yantipii of any gabstaocx whatever bet;we6ii dl* magbA 
and the needle, profided that sobstaiioe be tiot itMlf 
•oaceptiUe of magnetisiii. Ihduotioii and liie iheoiiNreeiil 
actUm of magnets are therefore subject to tiie laws of 
nedbanics ; bnt the composition and resohition of the 
&rees are oomplicated, in eonaequtince of four foroev 
beins constan^ in activity, two in each magnet. 

A&. Were Foz, who bad paid nradi atteiitlbB to llus 
bnmch of the science, has latdy dSsoorered^that the law 
ef the magnedc force chaises -fiom the infonse eijoalias 
of tbe distances, tp tlie nmple invene ratio, when the 
distance between two ipagnets id as small as from the 
fourtih to the eighth of an inch, or eten as madi as half 
an inch when the magnets are large* He focdd, that 
in the case of repnlsion, the diange takes place at a stffl 
greater distance, especially wiiOn the two magnets difler 
matenally in intensity. 

There can hardly be a doubt but that an the phenom- 
ena of magnetism, like those of electridtf, may be ex- 
plained on the hypothesis of one ethereal fluid, which Is 
condensed or redundant in the positive pole, and deficient 
in the negative ; a theory that accords best with the sim- 
plicity and general nature of tlie laws of creation ; never- 
theless. Baron Poisson has adopted the hypothesis of 
two extremely rare fluids pervaaing all the particles of 
iron, and incapable of leaving them. Whether the par- 
ticles of these fluids are coincident with the molecules 
of the iron, or that they only fill the interstices between 
them, is unknown and immaterial. But it is certain that 
the sum of all the magnetic molecules, added to the sum 
of all the spaces between them, whether occupied by 
matter or not, must be equal to the whole volume of the 
magnetic body. When the two fluids in question are 
combined they are inert, so that the substances contain- 
iug them show no signs of magnetism ; but when sepa- 
rate they are active, the molecules of each of the fluids 
attracting those of the opposite kind, and repelling those 
of the same kind. The decomposition of the united 
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fluids is accomplished by the inductive influeDce of either 
of the separate fluids ; that is to say, a ferruginous body 
acquires polarity by the approach of either the south or 
north pole of the magnet. The magnetic fluids pervade 
each molecule of the mass of bodies, and in all proba- 
bility the electric fluid does the same, though it appears 
to be confined to the surface ; if so, a compensation must 
take place among the internal forces. The electric 
fluid has a perpetual tendency to escape, and does es- 
cape, when not prevented by the coercive power of the 
surrounding air and other non-conducting bodies. Such 
a tendency does not exist in the magnetic fluids, which 
never quit the substance that contains them under any 
circumstances whatever ; nor is any sensible quantity of 
ei&er kind of polarity ever transferred fi-om one part to 
another of the same piece of steel. It appears that the 
two magnetic fluids, when decomposed by the influence 
of magnetizing forces, only undergo a displacement to 
an insensible degree within the body. The action of all 
the particles so displaced upon a particle of the magnetic 
fluid in any particular situation, compose a resultant 
force, the intensity and direction of which it is the prov- 
ince of the analyst to determine. In this manner M. 
Poisson has proved that the result of the action of all 
the magnetic elements of a magnetized body, is a force 
equivalent to the action of a very thin stratum covering 
the whole surface of a body, and consisting of the two 
fluids — ^the austral and the boreal, occupying different 
parts of it ; in other words, the attractions and repul- 
sions externally exerted by a magnet, are exactly the 
same as if they proceeded from a very thin stratum of 
each fluid occupying the surface only, both fluids being 
in equal quantities, and so distributed that their total 
fictaon upon all the points in the interior of the body is 
equal to nothing. Since the resulting force is the differ- 
ence of the two polarities, its intensity must be greatly 
inferior to that of either. 

In addition to the forces already mentioned, there 
must be some coercive force analogous to friction, which 
Arrests the particles of both fluids, so as first to oppose 
their separation, ^nd then to prevent their reunion. In 
soft iron the coercive force is either wanting or ex- 
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btoinely feeble, rince the iron is. eanly rendered huif- 
■etic by indnction, and. as eas^ loses its magnetiBm; 
ndiereas in steel the coerchre ferce is extreme^ ener- 
getie, because it preyents the steel from aeouiring tira 
magnetic properties raiudly, and ehtirehr tunders ft 
from Ibsiag tiiem when acquired. The roebieness of 
the coerci?e force in iron, and its eneig^ in steel, with 
regard to the magnetic fluids,' is perfectly analogoos to 
the fiusilify of transmission aflbrded to the electric fliiid 
by' non-electrics, and tiie resistance it experiences in 
electrics. At every step the analogy between magnet- 
ism and electricity becomes more striking. ■ The agency 
of attraction and repulsion is common to bolli; ^e pds- 
ftive and negative electricities ure similar, to tiie nordiefii 
and southern polarities, and are governed by the same 
laws, namely, that between like powers there is repul- 
sion, and between unlike powers there is attractioii. 
Each of these four forces is capable of acting most ener- 
getically when alone ; but as tiie electric equifibrinm is 
restored by tiie union of the two electric states, and 
magnetic neutrality by the combination of the two pcdar- 
ities, they respectively neutralize each other when 
joined. All these forces vary inversely as the squares 
of the distances, and consequeDtiy come under the same 
mechanical laws. A like analogy extends to magnetic 
and electrical induction. Iron and steel are in a state of 
equilibrium when the two'magnetic polarities conceived 
to reside in them are equally diffused throughout the 
whole mass, so that they are altogether neutral. But 
this equilibrium is immediately disturbed on the approach 
of the pole of a magnet, which by induction transfers 
one kind of polarity to oae eod of the iron or steel bar, 
and the opposite kind to the other — effects exactiy simi- 
lar to electrical induction. There is even a correspond- 
ence between the fracture of a magnet and that of an 
electric conductor ; for if an oblong conductor be elec- 
trified by induction, its two extremities will have opposite 
electricities ; and if in that state it be divided across the 
middle, the two portions, when removed to a distance 
from one another, will each retain the electricity that 
has been induced upon it. The analogy, however, does 
not extend to tmnsference. A body may transfer a re- 
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dundant quantity of positive electricity to another, or 
deprive another of its electricity, the one gaining at the 
expense of the other ; but there is no instance of a body 
possessing only one kind of polarity. With this excep- 
tion, there is such perfect correspondence between the 
tiieories of magnetic attractions and repulsions and elec- 
tric forces in conducting bodies, that they not only are 
the same in principle, but are determined by the same 
formulae. Experiment concurs with theory in proving 
the identity of these two unseen influences. Hence S 
the electrical phenomena be due to a modification of the 
ethereal medium, the magnetic phenomena must be 
owing to an analogous cause, and therefore, notwithstand- 
ing the high authority of M. Poisson, they must also be 
attributed to the redundancy and defect of only one fluid. 

With reference to the subject of this chapter I have 
received the following information from Colonel Sabine, 
one of the best authorities in this branch of science. 

The passage marked (A) confounds under the com- 
mon term of ** magnetic piole," two things which are 
alike distinct in conception and different in reality. 
These are, Ist — ^the localities on the globe where the 
needle is vertical, or the horizontal force ; and 2d — 
the localities where the magnetic forces acting on the 
surface of the globe have a maximum intensity, around 
which the isodynamic lines on the surface arrange them- 
selves in curves, and in departing from which in every 
direction (on the surface) the intensity of the force is 
found to decrease. 

The progress of terrestrial magnetism has been greatly 
impeded by mistakes arising from the different under- 
standings which different people have of what is meant 
by the term magnetic pole. It is the more important 
to have clear ideas and a correct knowledge of facts in 
this matter, because the facts of science are not such as 
in any respect to justify a confusion of terms ; not one 
of the localities where the intensity of the force is a 
maximum coincides with a position where the dip is 
90° ; nor does a dip of 90° anywhere coincide with a 
position where the force is a maximum. 
• There is in each hemisphere one locality where the 



mp Is WVana two loeiifillM wli#re Hl^-iM^ Ainn»ii 
Mnter €i greatest inteiuily aronnd frtiieh thetodywuiito 
Haee arrange themsehM. The localitiea tddip tM^ ai« 
nCher qMeea. tilan pointa: thej are tlie valcr axaa «f 
•man omls on the aurfitte of the aphare $ .canaeqiiM^]^ 
they are fineor rather than eiroiilar ipMiaa. The apoC 
where Captain Roaa aJbaerveJ ^e needle aa nMor^vec^ 
tioal in 1831 marka the appraximato poaition of thai lo-> 
ealiiy at that' epoch. This poaition ia, na Mra* Soni* 
errille states, about TO*" north, and W^ tvest The 
isodTnamic centera in the same' hetniapherie are atfifr- 
•ted, one in A^merica, the other in Sihcnin, The ol^ 
serrations made anterior to 1837, whioh are aidlecfeed 
and aitanged m C<4onel Sabine's report to.|he BiHash 
Association ef that year, gave, wAien treated, bj HL 
Oauss according to tne formation of the ** AUgeroeine 
Theorie,'* tiie Amerioeh maxirmlm ih 66^ "north and §7^ 
west, and the Siberian hi 71'' north and 116'' eiet. Ifa 
more recent observations of Messnk Ijefinrr and Xiacto/ 
ii^io have tnrreled in Ameriea expreasiy m the anoro 
aooarate detMinination of what ^ppeairs an impoiteai-a 
datam in terrestrial physics, and whose reanlta «ra at 
ttaB moment being arranged on a ehaiton''whk^ Celoaal 
Sabine is about to trace die lines of highest intensity in 
America, show that the center of those cmres is yet 
farther to the southward by some degrees (consequently 
still more removed from the poaition where the dip is 
90^ than was supposed in 1837. 

The two maxima of force are not of equal strength : 
the Siberian is somewhat the weaker of the two. The 
positions of both undergo secular change, and both in 
the same direction, viz. to the eastward. The secular 
change of the weaker or Siberian ma^umum is far more 
considerable than that of the other. The secular 
changes of the isoclinal and isogonic curves correspond 
with those of the two systems of forces indioated by 
distinct maxima having unequal movements of tranala* 
tion. Tho higher isoclinal curves are oval, having their 
major axes in the line of direction joining the two points 
of maximum intensity. Tho general arrangement, in the 
south hemisphere is stricUy analogous : but the two 
centers of force are at this epoch separated by a less in- 
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terval of longitude than in the north hemisphere. Their 
respective longitudes, derived from the observations of 
the antarctic expedition which Colonel Sabine has re- 
duced and published in the Phil. Trans., are approxi- 
mately 130° and 220"" east. The latitudes are not de- 
rivable from the observations with equal approximation ; 
but they do not appear to differ much from the corres- 
pooding latitudes in the north ; «. e. the stronger about 
50° or 65° south, and the weaker about 70° sou&. Here 
also the vireaker maximum has a very considerable sec- 
' nlar movement, amounting, as Colonel Sabine lias given 
reason to believe in the Phil. Trans, of last year, to 
nearly 50° of longitude in 250 years : the secular change 
in the southern hemisphere being to the westward^ 
while that in the northern is to the eastward. 

The dip of 90° is far removed from either of these 
localities ; its a^^xroximate position may be called about 
73^ south and 147° east; but the isoclinal curve of 89^* 
win doubtless be more correctly given when the Pagoda 
retmiis from the completion of the survey, and when 
the whole of the observations in the southern hemis- 
phere are combined and treated according to theformuUe 
of the *• Allgemeine Theorie." 

The object of the geographical branch of the magnetic 
observations of the last few years has been to obtain 
determinations, with the improved instruments of the 
present time, in every accessible part of the globe, with 
a view of combining the results into magnetic charts of 
the three elements drawn directly from the observations, 
and corresponding to the present epoch. The Magnetic 
Atlas will then be recomputed by the methods described 
in Grauss' " Allgemeine Theorie." The observation part 
is nearly accomplished. 



(a) This is by no means establii^ed ; the distribution 
of land and water appears to have considerable influence 
<m the form of the magnetic equator, as Mrs. Somer- 
viUe states at (&). 

(c) In the balance of torsion, the intensity of electrical 
forces is not measured by oscillations, but by the torsion 
necessary to destroy the deviation produced. 

{d) itefer to note (A). 
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Section XXXI. 



Discovery «f Electro-MagnetitiB— Deflection of Ihe If agnetie Needle Vf » 
Cwrentof Eleetrkat7--Dii«ctioBof the Fflrae--4Uitel«T Meti« 
tnoity-rHotatioa of a Win aad a Macnet— Rotation of a Magnet abejit 



its Axis—Of M ercoTT aad Water— Electro-Magnetic Cylinder or Helix— 
SnspeniieA of a Needle in a HeUx— Electro-Kagnstlo IndMstiott— T^m- 
porary Magnete— The Gahaaometer. ^ . . 

The disturbkigeffiscto of tl|e aurora, boreal^ hgOtr 
mng on the mariner's compegu) bad been long kncnni. 
In the year 1819, M. Oersted, Professor of NaSxiral 
•PliUpsophy at Copenhagen, discovered that a current of 
Voltaic electricity exerts a powerful influence on a mag- 
netized needle. This observation has given rise to tha 
theory of electro-magnetism — the most interesting sci- 
ence of modem times, whether it be conadered as lead- 
ing us a step farther in generalization, by identifying 
two agencies hitherto referred to different causes, or as 
developing a new force, unparalleled in the fffstem^of 
the worid, which, overcoming the retardation firom fric- 
tion, and* the obstacle of a resisting medium, maintains 
a perpetual motion, often vainly attempted, but appa- 
rently impossible to be accomplished by means of any 
other force or combination of forces tiian the one in 
question. 

When the two poles of a Voltaic battery are connect- 
ed by a metallic wire, so gls to complete a circuit, the 
electricity flows without ceasing. If a straight portion 
of that wire be placed parallel to, and horizontally above, 
a magnetized needle at rest in the magnetic meridian, 
but freely poised like the mariner^s compass, the action 
of the electric current flowing through the wire will 
instantly cause the needle to change its position. Its 
extremity will deviate from the north toward the east 
or west, according to the direction in which die current 
is flowing ; and on reversing the direction of the current, 
the motion of the needle will be reversed also. The 
numerous experiments that have been made on the 
magnetic and electric fluids, as well as those on the vari- 
ous relative motions of a magnetic needle under the 
influence of galvanic electricity, ai'ising from all possible 
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positions of the condactiDg wire, and every direction of 
the Voltaic current, together with all the other phe- 
nomena of electro-magnetism, are explained by Dr. 
Roget in some excellent articles on these subjects in the 
Library of Useful Knowledge. 

All the experiments tend to prove that the force 
emanating from the electric current, which produces 
such effects on the magnetic needle, acts at right angles 
to the current, and is therefore unlike any force hith- 
erto known. The action of all the forces in nature is 
directed in straight lines, as far as we know; for the 
carves described by the heavenly bodies result from the 
composition of two forces ; whereas that which is ex- 
erted by an electrical current upon either pole of a 
magnetic has no tendency to cause the pole to approach 
or recede, but to rotate about it. If the stream of elec- 
tricity be supposed to pass through the center of a circle 
whose plane is perpendicular to the current, the di- 
rection of the force exerted by the electricity will alwa3rs 
be in the tangent to the circle, or at right angles to its 
radius (N. 217). Consequently the tangential force of 
the electricity has a tendency to make the pole of a 
magnet move in a circle round the wire of the battery. 
Mr. Barlow has proved that the action of each particle 
of the electric fluid in^the wire, on each particle of the 
magnetic fluid in the needle, varies inversely as the 
squares of the distances. 

Kotatonr motion was suggested by Dr. WoUaston. 
Dr. Faraday was the first who actuaUy succeeded in 
making the pole of a magnet rotate about a vertical 
oonduct'mg wire. In order to limit the action of the 
electricity to one pole, about two-thirds of a small mag- 
net were immersed in mercury, the lower end being 
fastened by a thread to the bottom of the vessel con- 
taining the mercury. When the magnet was thus floating 
almost vertically with its north pole above the surface, a 
current of positive electricity was made to descend per- 
pendicularly through a wire touching the mercury, and 
immediately the magnet began to rotate from left to 
right about the wire. The force being uniform, the 
rotation was accelerated till the tangential force was 
balanced by the resistance of the mercury, when it be- 



teme eoniittiit; Under Ae tftme eirmtiialRttOM tfa* 
«aatii pole of die magnet rotates froming^t to left. It 
ie evident from tins experimenti tfaBttha inzennj ake 
4be made to peYferm a rotaSioa round the inBgDet».-BiMe 
the action of the current efdbotricky on Ibe pola of the 
magnet must necessarily be accmnpanlad by a cones- 
■fMn^ng reaction of the pole of tbe maflnet on tho ofec*' 
tridfty in die wire. This experiment has been accoaa* 
{dished by a Tast number of eontrifanceat and even'O 
amaU battery, eonsiatitag of tivo platea,. has: poffamed 
the rotation. Bn Far^ay prodSiced both matioDe at 
die same time in a Tess^l oontaiinng merouiy ; dwwire 
end the magnet reTolved in one direction abont & eooi- 
mon center of motion^ each fbUewing the ether. 
' The next step was to make a magnet^ and aba a eyi' 
inder, revolve about dieir own axes, wUichdifiy do widi 
great n^xdity. Meremy has been made t/y. roteta fey 
means of Voltaic electncilyt aod Professor Bilrhie hM 
exhibited in the Royal Institution dio singidar apectacia 
ef due -rotation of water by the same maanBv wldle the 
tessel containing it remained stationary. The water 
was in a hollow doable cylinder of g^bss, and on bemg 
made die conductor of electricity, was observed to re- 
volve in a regular vortex, changing its' direction as « the 
poles of the battery were alternately reversed. Pro- 
fessor Ritchie found that all the different conductors 
hitherto tried by him, such as water, charcoal, &c., give 
die same electro-magnetic results when transmitting die 
same quantity of electricity, and that they deflect die 
magnetic needle in an equal degree, when their res- 
pective axes of conduction are at the same distance from 
it. But one of the most extraordinary effects of the 
new force is exhibited by coiling a copper wire, so as to 
form a helix or corkscrew, and connecting the extremi- 
ties of the wires with the poles of a galvanic battery. 
If a magnetized steel bar or needle be placed within the 
screw, so as to rest upon the lower part, die instant a 
current of electricity is sent through the wire of the 
helix, the steel bar starts up by the influence of this in- 
visible power, and remains suspended in the air in op- 
position to the force of gravitation (N. 218). The effect 
of the electro-magnetic power exerted by each tmrn of 
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the wire is to urge the noith pole of the magaet in one 
direction, and the south pole in the other. The force 
thus exerted is multiplied in degree and increased in ex- 
tent by each repetition of the turns of the wire, and in 
consequence of these opposing forces the bar remains 
suspended. This helix has all the properties of a mag- 
net while the electrical current is flowing through it, 
and may be substituted for one in almost every experi- 
ment. It acts as if it had a north pole at one extremity 
and a south pole at the other, and is attracted and re- 
pelled by the poles of a magnet exactly as if it were one 
itself. All these results depend upon the course of the 
electricity ; that is, on the direction of the turns of the 
screw, according as it is from right to left, or from left 
to right, being contrary in the two cases. 

The action of Voltaic electricity on a magnet is not 
only precisely the same with the action of two magnets 
on one another, but its influence in producing temix)rary 
magnetism in iron and steel is also the same with mag- 
netic induction. The term induction, when applied to 
electric currents, expresses the power which these 
currents possess of inducing any particular state upon 
matter in their ioomediate neighborhood, otherwise neu- 
tral or indifferent. For example, the connecting wire 
of a gahranic battery holds iron filings suspended like an 
artificial magnet, as long as the current continues to 
flow through it ; and the most powerful temporary mag- 
nets that have ever been made are obtained by bending 
R thick cylinder of soft iron into the form of a horse- 
shoe, and surrounding it with a coil of thick copper wire 
covered with silk, to prevent communication between 
its parts. When this wire forms part of a galvanic cii*- 
cuit, the iron becomes so highly magnetic, that a tem- 
porary magnet of this kind, made by Professor Henry, 
of the Albany Academy, in the United States, sustained 
nearly a ton weight. The iron loses its magnetic power 
the instant the electricity ceases to circulate, and ac- 
quires it again as instantaneously when the. circuit is ror 
newed. Temporary magnets have been made by Pro- 
fessor Moll of Utrecht, upon the same principle, capable 
of supporting 200 pounds' weight, by means of a battery 
of one plate less than half an inch squai-e, consisting of 
dd2 
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Pifo metali soldered together. It is trufy wonderful 
tibat an agent, evolved by so small an instrument, and 
diffused through a large mass of iron, should communi- 
cate a force which seems so disproportionate. Steel 
needles are rendered permanently magnetic by electrical 
induction; the effect is produced in a moment, and as 
readily by juztaposition as by contact ; the nature of 
the poles ' depends upon tiie direction of the cuitent, 
and die intensity is proporticmal to th6 quantity of elec- 
tricity . 

It appears that the principle and charaoterntic i^e- 
nomena of the electro-magnetic science are, the evolu- 
tion of a tangential' and rotatory force exerted between 
a conducting body and a magiiet; and the transverse 
induction of magnetism by the conducting body in sudi 
substances as are susceptible of it. 

The action of an electric current causes a deviation of 
the compass from the plane of the magnetic meridian. 
In proportion as the needle recedes frimi the meridian, 
the intensity of the force of terrestrial magnetism in- 
creases, wMe at the same time the electro-magnetic 
force diminishes ; the number of degrees at which the 
needle stops, showing where the equilibrium between 
these two forces takes place, will indicate the intensity 
of the galvanic current. The galvanometer, constructed 
upon this principle, is employed to measure the inten- 
sity of galvanic currents collected and conveyed to it by 
wires. This instrument is rendered much more sensi- 
ble by neutralizing the effects of the earth's magnetism 
on the needle, which is accomplished by placing a sec- 
ond magnetized needle so as to counteract the action of 
the earth on the first — a precaution requisite in all del- 
icate magnetical experiments. 

Electro-magnetic induction has been elegantly and 
usefully employed by Professor Wheatstone as a mov- 
ing power in a telegraph, by which intelligence is con- 
veyed in a time quite inappreciable, since tihe electricity 
would make the circuit of the globe in the tenth of a 
second. 
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Section XXXII. 

EUectro-Dynamics— Reciprocal Action of Electric Current*— Identity of 
Electro-Dynamic Cylinden and Magnets— Differences between the Ac- 
tion of Voltaic Electricity and Electricity of Tension — Effects of a Voltaic 
Cnrrent— Ampere's Theory. 

The science of electro-magnetism, which must ren- 
der the name of M. Oersted ever memorable, relates to 
the reciprocal action of electrical and magnetic currents: 
M. Ampdre, by discovering the mutual action of elec* 
trical currents on one another, has added a new branch 
to the subject, to which he has given the name of elec- 
tro-dynamics. 

When electric currents are passing through two con- 
ducting wires, so suspended or supported as to be capa- 
ble of moving both toward and from one another, they 
show mutual attraction or repulsion, according as the 
currents are flowing in the same or in contrary direc- 
tions ; the phenomena varying with the relative inclina- 
tions and positions of the streams of electricity. The 
mutual action of such currents, whether they flow in the 
same or in contrary directions, whether they be parallel, 
perpendicular, diverging, converging, circular, or heliacal, 
all produce difierent kinds of motion in a conducting 
wire, both rectilineal and circular, and also the rotation 
of a wire helix, such as that described, now called an 
electro-dynamic cylinder, on account of some improve- 
ments in its construction (N. 219). And as the hypoth- 
esis of a force varying inversely as the squares of the 
distances accords perfectly with all the observed phe- 
nomena, these motions come under the same laws of 
dynamics and analysis as any other branch of physics. 

Electro-dynamic cylinders act on each other precisely 
as if they were magnets during the time the electricity 
is-flovnng through them. All the experiments that can 
be performed with the cylinder might be accomplished 
with a magnet. That end of the cylinder in which the 
current of positive electricity is moving in a direction 
similar to the motion of the hands of a watch, acts as the 
south pole of a magnet, and the other end, in which the 



onrrent is flowing in a contrary direction, exhibifa nofdir 
em pokirily. 

The phenomena mark a very decided diflbrence be- 
tween the action of eUotraeiljy in motion or at rest, llMt 
is, between yoJtaic and cDmnkMi efectricity ; the lawi 
tibey follow are in many respects of an entirely difieftnit 
nature, though the electricities themselies are i^dOtical. 
Since Viritaic electricity' flows perpeCBally,it>cannotbe 
accumulated, and ocuisequoiitfy has <ni» toosMNH oc tian- 
deocj to escape from the wirea which conikic^ iU if <^ 
4o these wires either attract er re|)el light bodies in 
their vicinity, whereas ordintuy ele^xjkci^ oan baacc»t 
mulated in insulated bodies to a great degree* iMd htk 
that ststo of rest the tendency, fo.escapo la.prapentiieiisl 
to the quantity accumulated and the resistaaoe i$ mee^ 
with. In ontioary electricity, the lawofactiDiiiB that 
dissimilar electricities attract, and weilar elflictncitiea 
repel one another. In Voltaic eleptiiciQr, dn.the coiir 
tiary, similar currents, or such a0 .are fxioving u[i..dM 
same direction, attract one anotheri wbilo a mutual Tih 
pulnon is exerted between disstmiisc cummtSy or muBh 
as flow in opposite directions. Conmioa eleotnci^ 
escapes when the pressure of the atmosj^ere is re« 
moved, but the electro-dynamical efiects are ^e same 
whether the conductors be in air or in vacuo. 

The effects produced by a current of electricity de- 
pend upon the celerity of its motion through a conductr 
ing wire. Yet we are ignoraot whether the motion be 
uniform or varied, but the method of transmission has a 
marked influence on the results ; for when it flows with-* 
out intermission, it occasions a deviation in the magnetic 
needle, but it has no eifect whatever when its motion is 
discontinuous or intermpted, like the current; produced 
by the common electrical machine when a communica- 
tion is made between the positive and negative con- 
ductors. 

M. Ampere has established a theory of electro-mag- 
netism suggested by the anatogy between electro-dy-? 
namic cylinders and magnets, founded upon the recip- 
rocal attraction of electric currents, to which all the phe- 
nomena of magnetism and electro-magnetism may be 
reduced,.. by assumim^L thst the magnetic, properties 
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which bodies possess derive these properties from cur- 
rents of electricity circulating about every part in one 
uniform direction. Although every particle of a magnet 
possesses like properties with the whole, yet the general 
effect is the same as if the magnetic properties were 
confined to the surface. Consequently the internal elec- 
tro-currents must compensate one another, and there- 
fore the magnetism of a body is supposed to arise from 
a superficial current of electricity constantly circulating 
in a direction perpendicular to the axes of the magnet ; 
so that the reciprocal action of magnets, and all the phe- 
nomena of electro-magnetism, are reduced to the action 
and reaction of superficial currents of electricity acting 
at right angles to their direction. Notwithstanding the 
experiments made by M. Ampere to elucidate the sub- 
ject, there is still an uncertainty in the theory of the 
induction of magnetism by an electric current in a body 
near it. It does not appear whether electric currents 
which did not previously exist are actually produced by 
induction, or if its effects be only to give one uniform 
direction to the infinite number of electric currents pre- 
viously existing in the particles of the body, and thus 
rendering them capable of exhibiting magnetic phenom- 
ena, in the same manner as polarization reduces those 
undulations of light to one plane which had previously 
been performed in every plane. Possibly both may be 
combined in producing the eflfect ; for the action of an 
electric current may not only give a common direction 
to those already existing, but may also increase their 
intensify. However that may be, by assuming that the 
attraction and repulsion of the elementary portions of 
electric currents vary inversely as the squares of the 
distances, the action being at right angles to the direc- 
tion of the current, it is found that the attraction and 
repulsion of a current of indefinite length on the ele- 
mentary portion of a parallel current at any distance 
from it, is in the simple ratio of the shortest distance 
between them. Consequently the reciprocal action of 
electric currents is reduced to the composition and res- 
olution of forces, so that the phenomena of electro-ndag- 
netism are brought under the laws of dynamics by the 
theory of M. Ampere. 
'21 
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Skction XXXIII. 



1 



and Elactridty. 

From the law of action and reaction being e^joal and 
contrary, it might be expected that, ai electricify pow- 
erfully affects ma^^neta, so, conversely, magoetiani ooght 
to produce electrical phenomena, fiy piovin|;tiiia veiy 
important hct from the fdlowing series of uterestanc 
and ingenious experiments, Dr. Faraday haa added 
another bmnch to the science, which he haa named 
magneto-electricity. A great quantity of copper wire 
was coiled in the form of a helix round one naif of a 
ring of soft iron, and connected with a galvanic battery.; 
whBe a similar helix connected with a galnmometer waa 
wound round the other half of the ring, but not tonchiag 
the first helix. As soon as contact was made with the 
battery, the needle of the gabanometer was defloeted. 
But the action was transitory; for when the contact 
was continued, the needle returned to its usual position, 
and wus not affected by the continual flow of the electri- 
city through the wire connected with the battery. As 
soon however as the contact was broken, the needle of 
the galvanometer was again deflected, but in the con- 
trary direction. Similar effects were produced by an 
apparatus consisting of two helices of copper wire coiled 
round a block of wood, instead of iron, from which Dr. 
Faraday infers that the electric current passing from the 
battery through one wire, induces a similar current 
through the other wire, but only at the instant of con- 
tact, and that a momentary current is induced in a con- 
trary direction when the passage of the electricity is 
suddenly interrupted. These brief currents or waves 
of cloctricity wore found to bo capable of magnetizins 
needhjs, of passing through a smnll extent of fluid, and 
when charcoal points were intor])osed in the current of 
the induced helix, a minute spark was perceived as often 
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as the contacts were made or broken, but neither chem- 
ical action nor any other electric effects were obtained. 
A deviation of the needle of the galvanometer took place 
when common magnets were employed instead of the 
Voltaic current; so that the magnetic and electric 
fluids are identical in their effects in this experiment. 
Again, when a helix formed of 220 feet of copper wire, 
into which a cylinder of soft iron was introduced, was 
placed between the north and south poles of two bar 
magnets, and connected with the galvanometer by means 
of wires from each extremity, as often as the magnets 
were brought into contact with the ii-on cylinder, it be- 
came magnetic by induction, and produced a deflection 
in the needle of the galvanometer. On continuing the 
contact, the needle resumed its natural position, and 
when the contact was broken, deflection took place in 
the opposite direction; when the magnetic contacts 
were reversed, the deflection was reversed also. With 
strong magnets, so powerful was the action, that the 
needle of the galvanometer whirled round several times 
successively ; and similar effects were produced by the 
mere approximation or removal of the helix to the poles 
of the magnets. Thus it was proved that magnets pro- 
duce the very same effects on the galvanometer that 
electiicity does. Though at that time no chemical de- 
composition was effected by these momentary currents 
which emanate from the magnets, they agitated the 
limbs of a frog ; and Dr. Faraday justly observes, that 
"an agent which is conducted along metallic wires in 
the manner described, which, while so passing, pos- 
sesses the peculiar magnetic actions and force of a cur- 
rent of electricity, which can agitate and convulse the 
fimbs of a frog, and which finally can produce a spark 
by its discharge through charcoal, can only be electri-. 
city." Hence it appears that electrical currents ai*e 
evolved by magnets, which produce the same phenomena 
with the electrical cuiTents from the Voltaic battery : 
they however differ materially . in this respect — ^that 
time is required for the exercise of the magnetico-elec- 
tric induction, whereas Volta- electric induction is in- 
stantaneous. 

After Dr. Faraday had proved the identity of tho 
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magnetic and electric fluids by producing the spark, 
heating metallic wires, and accomplishing chemical 
decompositions, it was easy to increase these effects by 
more powerful magnets and other arrangements. The 
apparatus now in use is in effect a battery where the 
agent is the magnetic instead of the Voltaic fluid, or in 
other words, electricity, and is thus constructed. 

A very powerful horseshoe magnet, formed of twelve 
steel plates in close approximation, is placed in a hori- 
zontal position. An armature, consisting of a bar of the 
purest soft iron, has each of its ends bent at right 
angles, so that the faces of those ends may be brought 
directly opposite and close to the poles of the magnet 
when required. Ten copper wires— covered with silk, 
in order to insuiate them — are wound round one half of 
the bar of soft iron, «s a compound helix : ten other 
wires, also insulated, are wound round the other half of 
the bar. The extremities of the first set of wires are in 
metallic connection with a circular disc, which dips into 
a cup of mercury, while the ends of the other ten wires 
in the opposite direction are soldered to a projecting 
screw-piece, which carries a slip of copper with two 
opposite points. The steel magnet is stationary; but 
when the armature, together with its appendages, is 
made to ix)tate vertically, the edge of the disc always 
remains immersed in the mercury, while the points of 
the copper slip alternately dip in it and rise above it. 
By the ordinary laws of induction, the armature becomes 
a temporary magnet while its bent ends are opposite 
the poles of the steel magnet, and ceases to be magnetic 
when they are at right angles to them. It imparts its 
temporary magnetism to the helices which concentrate 
it ; and while one set conveys a current to the disc, the 
other set conducts the opposite current to the copper slip. 
As the edge of the revolving disc is always immersed in 
the mercury, one set of wires is constantly maintained 
in contact with it, and the cit'cuit is only completed 
when a point of the copper slip dips in the mercury 
also ; but the circuit is broken the moment that point 
rises above it. Thus, by the rotation of the armature, 
the circuit is alternately broken and renewed ; and as 
it is only at these moments that electric action is maui- 



Bier. XXXIV. ELECTBICITY FROM ROTATION. 325 

fested, a brilliant spark takes place every time the cop- 
per point leaves the surface of the mercury. Platina 
wire is ignited, shocks smaits enough to be disagreeable 
are given, and water is decomposed with astonishing 
rapidity by the same means ; which proves beyond a 
doubt the identity of the magnetic and electric agencies, 
and places Dr. Faraday, whoso experiments established 
the principle, in the first mnk of experimental philoso- 
I^rs. 



Section XXXIV. 



Electricity produced by Rotation — Direction of the Carrents — Electricity 
from the Rotation of a Magnet— M. Aragu's Experiment explained — 
Rotation of a Plate of Iron between the Poles of a Magnet — Relation of 
Substances to Magnets of three l^inds— Thermo- Electricity. 

M. A.RAG0 discovered an entirely new source of mag- 
netism in rotatory motion. If a circular plate of copper 
be made to revolve immediately above or below a mag- 
netic needle or magnet, suspended in such a manner 
that the magnet may rotate in a plane parallel to that of 
the copper plate, the magnet tends to follow the circum- 
volution of the plate ; or if the magnet revolves, the 
plate tends to follow its motion : so powerful is the 
effect, that magnets and plates of many pounds weight 
have been carried round. This is quite independent of 
the motion of the air, since it is the same when a pane 
of glass is interposed between the magnet and the cop^ 
per. When the magnet and the plate are at rest, not 
the smallest effect, attractive, repulsive, or of any kind, 
CRD be perceived between them. In describing this 
l^enomenon, M. Arago states that it takes place not 
only with metals, but with all substances, solids, liquids, 
and even gases, ' although the intensity depends upon 
the kind of substance in motion. Experiments made 
by Dr. Faraday explain this singular action. A plate 
of copper, twelve inches in diameter and one-fifth of an 
inch thick, was placed between the poles of a powerful 
horseshoe magnet, and connected at certain points with 
a galvanometer by copper wires. When the plate was 
at rest no effect was produced ; but as soon as the plat« 
Kb 
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wi» made to revolve rapid] j, the galvanometer needle 
was deflected sometimes as much as 90^, and, by a uni- 
fcrm rotation, the deflection was constantly maintained 
at 46". When the motion of the copper plate was res- 
versed, the needle was deflected in the coBtEuy direc- 
tion, and thus a permanent current of electriiaty was 
evohed by an ordinary magnet. The intonsitv of tiia 
electricity collected by the wires, and conveyed by them 
to the galvanometer, varied with the position of the 
plate rektively to the poles of the magnet. 

The motidn of the electricity in ^e copper plate may 
be conceived by considering, that merehr by moving a 
' single wire like the spoke of a wheel berore a magnetic 
nolo, a current of electricity tends to flow throngjli it 
ntim one end to the other. Hence, if a wheel be con- 
structed of a great many such spokes, and revolved 
near the pole of a magnet in the manner of the copper 
disc, each radius or spoke will tend to have a current 
produced in it as it passes the pole. Now, as the 
circular plate is nothing more than an infinite number 
of radii or spokes in contact, the currents will flow in 
tbe direction of the radii if a channel be open for their 
return, and in a con^uous plate that channel is aflbnled 
by the lateral portions on each side of the particular 
radius close to the magnetic pole. This hypothesis is 
confirmed by observation, for the currents of positive 
electi-icity set from the center to the circumference, and 
the negative from the circumference to the center, and 
vice versdy according to the position of the magnetic 
poles and the direction of rotation. So that a collecting 
wire at the center of the copper plate conveys positive 
electricity to the galvanometer in one case, and negative 
in another ; that collected by a conducting wire in con- 
tact with the circumference of the plate is always the 
opposite of the electricity conveyed from the center. 
It is evident that when the plate and magnet are both 
at rest, no effect takes place, since the electric currents 
which cause the deflection of the galvanometer cease 
altogether. The same phenomena may be produced by 
electi'o-magnets. The effects are similar when the 
magnet rotates and the plate remains at rest. When 
the magnet revolves uniformly, about it« own axis, elec- 
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tricity of the same kind is collected ut its poles, and the 
opposite electricity at its equator. 

The phenomena which take place in M. Arago's 
experiments maybe explained on this principle. When 
both the copper plate and the magnet are revolving, the 
action of the induced electric current tends continually 
to diminish their relative motion, and to bring the mov- 
ing bodies into a state of relative rest : so that if one be 
made to revolve by an extraneous force, the other will 
tend to revolve about it in the same direction, and with 
the same velocity. 

When a plate of iron, or of any substance capable of 
being made either a temporary or permanent magnet, 
devolves between the poles of a magnet, it is found that 
d&similar poles on opposite sides of the plate neutralize 
each other's effects, so that no electricity is evolved; 
while similar poles on each side of the revolving plate 
increase the quantity of electricity, and a single pole 
end-on is sufficient. But when copper, and substances 
not sensible to ordinary magnetic impressions, revolve, 
similar poles on opposite sides of the plate neutralize 
each other; dissimilar poles on each side exalt the 
action : and a single pole at the edge of the revolving 
{^te, or end-on, does nothing. This forms a test for 
distinguishing the ordinary magnetic force from that 
produced by rotation. If unlike poles, that is, a north 
and south pole, produce more effect than one pole, the 
force Will be due to electric currents ; if similar poles 
produce more effect than one, then the power is not 
electric. These investigations show that there are 
really very few bodies magnetic in the manner of iron. 
Dr. Faraday therefore arranges substances in three 
classes, with regard to their relation to magnets i-^thos© 
atTected by the magnet when at rest, like iron, steel, 
and nickel, which possess ordinary magnetic properties ; 
those affected when in motion, m which electric cur- 
rents are evolved Ijy the inductive force of the magnet, 
snch as copper ; ^nd, lastly, those which are perfectly 
indifferent tP the magnet, whether at rest or in motion. 

Jt has J^ready been observed, that three bodies are 
requisite to form a galvanic circuit, one qf v^hich mv^s^ 
be fluid. But in 1822, Professor Seebeck, of Berlin, 
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discovered that electric curreDts may be produced . by: 
£e partial appUcadoa of h^ to a circuit fiirmed of two 
•plid. conductors. For example, yrJcten a Bemicirde dT 
Iwmutih, joined to a semicircle of antimoDy, so as tofianno^ 
a ring, is heated at one of the jtmclaons 1^ a 1ainp» ft 
cnirent of electricity flows throu^ the cinmit from tiie 
antimony to the bismuth, aad suSi thermo-electric enr- 
rents produce all the electro-magnetic effects. A com- 
pass needle placed either within or without the circuit, 
and at a small distance from it, is deflected from its na- 
toral position, in a direction corresponding to the way ia 
which the electricity is flowing, if such a ring he aus- 
piended so as to move easily in aliy direction, it will obey 
■ tiiie action of a magnet brou^t near it, and may e?ea 
be made to revolve. According to the researches of M. 
Sebbeck, the same substance, tmecpialJty heated, exhibits 
electrical currents ; and M. Nobih observed, that in all 
inetals, except zinc, iron, and antimony, the electrieity 
flows from the hot part toward that which is cold. That 
philosopher attributes terrestrial magnetism to a differ- 
ence in the action of heat on the various substances of 
which the crust of the earth is composed; and in con- 
firmation of his views he has produced electrical currents 
by the contact of two pieces of moist clay, of whidi one 
was hotter than the other. 

M. Becquerel constructed a thermo-electric battery of 
one kind of metal, by which he has determined the re- 
lation between the heat employed and the intensity of 
the resulting electricity. He found that in most metals 
the intensity of the current increases with the heat to a 
certain limit, but that this law extends much farther in 
metals that are difficult to fuse, and which do not rust. 
The experiments of Professor Gumming show that the 
mutual action of a magnet and a thermo-electric current 
is subject to the same laws as those of magnets and gal- 
vanic currents, consequently all the phenomena of repul- 
sion, attraction, and rotation may be exhibited by a thermo- 
electric current. M. Botto, of Turin, has decomposed 
water and some solutions by thermo-electricity ; and 
very recently the Cav. Antinori of Florence has suc- 
ceeded in obtaining a brilliant spark with the ud of aq 
electro-dynamic coil. 
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The principle of thermo-electricity has been employed 
by MM. Nobili and Melloni for measuring extremely 
minute quantities of heat in their experiments on the 
instantaneous transmission of radiant caloric. The 
thermo-multiplier, which they constructed for that pur- 
pose, consists of a series of alternate bars, or rather fine 
wires of bismuth and antimony, placed side by side, and 
the extremities alternately soldered together. When 
heat is applied to one end of this apparatus, the other 
remaining at its natural temperature, currents of elec- 
tricity flow through each pair of bars, which are conveyed 
by wires to a delicate galvanometer, the needle of which 
points out the intensity of the electricity conveyed, and 
consequently that of the heat employed. This instru- 
ment is so delicate that the comparative warmth of dif- 
ferent insects has been ascertained by means of it. 
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netism. 

In all the experiments hitherto described, artificial 
magnets alone were used ; but it is obvious that the 
magnetism of the terrestrial spheroid, which has so 
powerful an influence on the mariner's compass, must 
also aflect electrical currents. It consequently appears 
that a piece of copper wire bent into a rectangle, and 
free to revolve on a vertical axis, arranges itself with its 
plane at right angles to the magnetic meridian, as soon 
as a stream of electricity is sent through it. Under the 
same circumstances a similar rectangle, suspended on a 
horizontal axis at right angles to the magnetic meridian, 
assumes the same inclination with the dipping needle ; 
80 that terrestrial magnetism has the same influence on 
electrical currents as an artificial magnet. But the 
magnetic action of the earth also induces electric cur- 

E E 2 
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rents. When a hollow helix of copper wire, whose 
extremities are connected with the galTanometer, is 
placed in the magnetic dip, and suddenly inverted sev- 
eral times, accommodating the motion to the oscilJations 
of the needle, the latter is soon made to vibrate through 
an arc of 80° or 90°. Hence it is evident, that what- 
ever may be the cause of terrestrial magnetism, it pro- 
duces currents of electricity by its direct inductive power 
upon a metal not capable of exhibiting any of the ordi- 
nary magnetic properties. The action on the galvanom- 
eter is much greater when a cylinder of soft iron is 
inserted into the helix, and the same results follow the 
simple introduction of the iron cylinder into, or removal 
out of, the helix. These effects arise fi-om tjie iron 
being mdde a temporary magnet by the inductive action 
of terrestrial magnetism ; for a piece of iron, such as a 
poker, becomes a magnet for the time, when placed in 
the line of the magnetic dip. 

M. Biot has formed a theory of terrestrial magnetism 
upon the observations of M. de Humboldt as data. As- 
suming that the action of two opposite magnetic poles 
of the earth upon any point is inversely as the squares 
of the distances, he obtains a general expression for the 
direction of the magnetic needle, depending upon the 
distance between the north and south magnetic poles ; 
so that if one of these (luantities varies, the correspond- 
ing variation of the other will be known. By making 
the distance between the poles vary, and comparing the 
resulting direction of the tieedle with the obsei-vations 
of M. de Humboldt, he found that the nearer the poles 
are supposed to approach to one another, the more the 
computed and obsei-ved results agi-ee ; and when the 
poles were assumed to coincide, or nearly so, the differ- 
ence between theory and observation is the least possi- 
ble. It is evident, therefore, that the earth does not 
act as if it were a permanently magnetic body, the dis- 
tinguishing; characteristic of which is, to have two poles 
at a dista!ice from one another. Mr. Barlow has inves- 
tigated this subject with much skill and success. He 
first proved that the magnetic power of an iron sphere 
resides in its surface ; he then inquired what the super- 
ficial action of an iron sphere in a state of transient mag- 
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netic induction, on a magnetized needle, would be, if 
insulated from the influence of terrestrial magnetism. 
The results obtained, corroborated by the profound 
analysis of M. Poisson, on the hypothesis of the two 
poles being indefinitely near the center of the sphere, 
are identical with those obtained by M. Biot for the 
earth from M. de Humboldt's observations. Whence 
it follows, that the laws of terrestrial magnetism deduced 
from the formulae of M. Biot, are inconsistent with those 
which belong to a permanent magnet, but that they are 
perfectly concordant with those belonging to a body in a 
state of transient magnetic induction. The earth, there- 
fore, is to be considered as only transiently magnetic by 
induction, and not a real magnet. Mr. Barlow has ren- 
dered this extremely probable by forming a wooden 
globe, with grooves admitting of a copper wire being 
coiled round it parallel to the equator from pole to pole. 
When a current of electricity was sent through the 
wire, a magnetic needle suspended above the globe, and 
neutralized from the influence of the earth's magnetism, 
exhibited all the phenomena of the dipping and varia- 
tion needles, according to its positions witih regard to 
the wooden globe. As there can be no doubt that the 
same phenomena would be exhibited by currents of 
thermo, instead of Voltaic electricity, if the grooves of 
the wooden globe were filled by rings constituted of two 
metals, or of one metal unequally heated, it seems highly 
probable that the heat of the sun may be a great agent 
in developing electric currents in or near the surface of 
earth, by its action upon the substances of which the 
globe is composed, and by changes in its intensity, may 
occasion the diuinal variation of the compass, and the 
other vicissitudes in terrestrial magnetism evinced by 
the disturbance in the direction of the magnetic lines, in 
the same manner as it influences the parallelism of the 
isothermal lines. That such currents do exist in metal- 
liferous veins appears from the experiments of Mr. Fox 
in the Cornish mines. Even since the last edition of 
this book was published, Mr. Fox has obtained additional 
proof of the activity of electro-magnetism under the 
earth's surface. He has shown that not only the nature 
of the metalliferous deposits must have been determined 
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W tbeir rektiva electrical coDditioDS, but that tibe^^tirto- 
tiOQ of the metallic yeins.must haye been influenced bgr 
ibe direction of the ^magnetic meridians; and in fiwt 
almost all die metallic denositB in the-worid tend from 
east to west, or from noruieast to aonthwesl. Thoof^ 
M is impossible to aay in the present state of Ofor knowl- 
edge, how far the son may be concerned in tlie pha- 
nomena of terrestrial magnetism, it i« probable that the 
secular and periodic distivbances in the vm^e^ force 
are occasioned by a variety of odier combinmg circain> 
stances. Among these M. Biot mentions the vicinity of 
mountain chains to the phce ai observation, and still 
more the action of extensive volcanic fires, which dumge 
the chemical state of the terrestrial sur&cev they them- 
a^es varying from age to age, some becoming extinct^ 
while others burst into activity. Should the ethereal 
medium which fills space be the same with the electric 
fluid, as M. Mossotti supposes, may not the heat oi^e 
wan rarefy it at the earth'*s equator, and thus by the in- 
equality of its distribution, and its superior density at 
the poles, occasion some of the magnetic [dienomena of 
the globe ? and may not the sun's motion in dedinatioB 
cause temporary variations of density in the fluid, and 
produce periodic changes in the magnetic equator and 
intensity ? Were this the case, all the planets would 
be magnets like the earth, being precisely in i^milar cir- 
cumstances. 

It is moreover probable, that terrestrial magnetism 
may be owing, in a certain extent, to the earth's i*ota- 
tion. Dr. Faraday has proved that all the phenomena 
of revolving plates may be produced by the inductive 
action of the earth's magnetism alone. If a copper plate 
be connected with a galvanometer by two copper wires, 
one from the center and another from the circumference, 
in order to collect and convey the electricity, it is found 
that when the plate revolves in a plane passing thi*ough 
the line of the dip, the galvanometer is not affected. 
But as soon as the plate is inclined to that plane, elec- 
tricity begins to be developed by its rotation ; it becomes 
more powerful as the inclination increases, and arrives 
at a maximum when the plate revolves at right angles to 
the line of the dip. When the revolution is in the same 
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direction with that of the hands of a watch, the current 
of electricity flows from its center to the circumference ; 
and when the rotation is in the opposite direction, the 
current sets the contrary way. The greatest deviation 
of the galvanometer amounted to 50° or 60°, when the 
direction of the rotation was accommodated to the oscil- 
lations of the needle. Thus a copper plate, revolving in 
a plane at right angles to the line of the dip, forms a new 
electrical machine, differing from the common plate- 
glass machine, by the material of which it is composed 
being the most perfect conductor, whereas glass is the 
most perfect non-conductor ; besides, insulation, which 
is essential in the glass machine, is fatal in the copper 
'one. The quantity of electricity evolved by the metal 
does not appear to be inferior to that developed by the 
glass, though very different in intensity. 

From the experiments of Dr. Faraday, and also from 
theory, it is possible that the rotation of the earth may 
produce electric cuiTents in its own mass. In that case, 
they would flow superficially in the meridians, and if 
collectors could be applied at the equator, and poles, as 
in the revolving plate, negative electricity would be col- 
lected at the equator, and positive at the poles ; that is 
to say, there would be a deficiency at the equator and a 
redundancy at tlie poles ; but without something equiv- 
alent to conductors to complete the circuit, these cur- 
rents could not exist. 

Since the motion, not only of metals but even of fluids, 
when under the influence of powerful magnets, evolves 
electricity, it is probable that the gulf-stream may exert 
a sensible influence upon the forms of the lines of mag- 
netic variation, in consequence of electric currents mov- 
ing across it, by the electro-magnetic induction of the 
earth. Even a ship, passing over the surface of the 
water in northern or southern latitudes, ought to have 
electric currents running directly across the line of her 
motion. Dr. Faraday observes, that such is the facility 
with which electricity is evolved by the earth's magnet- 
ism, that scarce any piece of metal can be moved in 
contact with others without a development of it, and 
consequently, among the arrangements of steam-engines 
and metallic machinery, curious electro-magnetic com- 
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binatioiis probably exist, which bAve noYer yet been no- 
ticed. 

According to the obsenrfttions of MM. Biot and Gi^- 
Liissac, during their aSroetatic expedilaoiiy tlie nMgaetic 
action is not confined to the snrnce of the earth, bat 
extends into space. The moon has become highly 
magnetic by induction, in consequence of her proxmnly 
to the earth, and because her greatest diameter always 
points toward it. Her influence on teWestrial magnetism 
is now ascertained : the magnetism of the henais{Aere 
that is turned toward the ei^ attracts the pole of omr 
needles that is turned taww^ the south, and increases 
the magnetism of our hemisphere ; and as the magnetic, 
tike the gravitating force, extends throng^ space, the 
induction of the sun, moon; and pianists moat occasion 
perpetual variations in the inten^ty of terrestrial mag- 
netism, by the continual changes in l}ieir rehuhre posi- 
tions. 

In the brief sketch that has been, given- of the Sife 
kinds of electricity, those points of resemblande^haTe 
been pointed out which are characteristic of one indi- 
Tidual power. But as many anomalies have been lately 
removed, and the identity of the different kinds placed 
beyond a doubt by Dr. Faraday, it may be satisfactory 
to take a summary view of the variouff" coincidences in 
their modes of action on which their identity has been so 
ably and completely established by that great electrician. 

The points of comparison are attraction and repulsion 
at sensible distances, discharge from points through air, 
the heating power, magnetic influence, chemical decom- 
position, action on the human frame, and lastly, the spark. 

Ordinary electricity is readily discharged from points 
through air, but Dr. Faraday found that no sensible ef- 
fect takes place from a Voltaic battery consisting of 140 
double plates, either through, (ur or in the exhausted 
receiver of an air-pump, the tests of the discharge being 
the electrometer and chemical action, — a circumstance 
owing to the small degree of tension, for an enormous 
quantity of electricity is required to make these effects 
sensible, and for that reason they cannot be expected 
fh)m the other kinds, which are much inferior in de- 
gree. Common electricity passes easily through rare- 
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fied and hot air, and also through flame. Dr. Faraday- 
effected chemical decomposition and a deflection of the 
galvanometer by the transmission of Voltaic electricity 
through heated air, and observes that these experiments 
are only cases of the discharge which takes place through 
air between the charcoal terminations of the poles of a 
powerful battery when they are giadually separated 
after contact — ^for the air is then heated. Su* Humphry 
Davy mentions that, with the original Voltaic apparatus 
at the Royal Institution, the discharge passed through 
four inches of air ; that, in the exhausted receiver of an 
air-pump, the electricity would strike through nearly 
hali* an inch of space, and the combined effects of rare- 
faction and heat upon the included air were ^uch as to 
enable it to conduct the electricity through a space of six 
or seven inches. A Leyden jai* may be instantaneously 
charged with Voltaic, and also with magneto- electricity 
— another proof of their tension. Such effects cannot be 
obtained from the other kinds, on account of their weak- 
ness only. 

The heating powers of ordinary and Voltaic electri- 
city have long been known, but the world is indebted to 
Dr. Faraday for the wonderful discovery of the heating 
power of the magnetic fluid : there is no indication of 
heat either from the animal or thermo electricities. All 
kinds of electricity have strong magnetic powers, those 
of the Voltaic fluid are highly exalted, and the existence 
of the magneto and thermo electricities was discovered 
by their magnetic influence alone. The needle has 
been deflected by all in the same manner, and magnets 
have been made by all according to the same laws. 
Ordinary electricity was long supposed incapable of de- 
flecting the needle ; M* Colladon and Dr. Faraday how- 
ever have proved that, in this respect also, ordinary elec- 
tricity agrees with Voltaic, but that time must be allowed 
for its action. It deflected the needle, whether the cur- 
rent was sent thi'ough rarefied air, water, or wire. 
Numerous chemical decompositions have been effected 
by ordinary and Voltaic electi'icity, according to the 
same laws and modes of arrangement. Dr. Davy de- 
composed water by the electricity of the torpedo, — Dr. 
Faraday accomplished its decomposition, and Dr. Ritchie 
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ki composHioD, by means of mngiietie mcticm ; Mod Ms 
Botto of Tarin has shown the (memical effects of liie 
Aermo-electricity in the decompontkm of Witor, and 
some other substances. The electric and gahranic 
shock, die flash in the eyes, and the sensation -od. the 
tongue, are well known. All these efiects are produced 
by magneto-electricity, even to a'ptdnful degree. The 
torpedo and gymnotus electricus give seyere shocks, and 
the limbs of a frog hare been couTulsed by thenno-eleo- 
tricity. The last pdnt of compatison is the spark, 
which is common to. the ordinanr Voltaic and magnetic 
fluids ; and Professor Linari, of Siena, has very ktelty 
obtained both the direct and induced sparks from the 
torpedo, proviiu^ that in this respect animal electricity 
does not differ from the others. Indeed, the conclusion 
drawn by Dr. Faraday is that the five kliids of electri- 
eity are identical, and that the diflerences of intensity 
and quantity are quite sufiicient to account lor what 
were supposed to be their distinctive qualities. He has 
mven still greater assurance of their identity by showing 
Sat the i^gnetic force and tlie chemical action of elec- 
tricity are in direct proportion to the absolute quantity 
of the fluid which passes through the galvanometer, 
whatever its intensity may be. 

In light, heat, and electricity, or magnetism, nature 
has exhibited principles which do not occasion any ap- 
preciable change in the weight of bodies, although their 
presence is manifested by the most remarkable mechan- 
ical and chemical action. These agencies are so con- 
nected, that there is reason to believe they will ulti- 
mately be referred to some one power of a higher order, 
in conformity with the general economy of 9ie system 
of the world, where the most varied and compticated 
effects are produced by a small number of universal 
laws. These principles penetrate matter in all direc- 
tions ; their velocity is prodigious, and their intensity 
varies inversely as the squares of the distances. The 
development of electric currents, as well by magnetic 
as electric induction, the similarity in thei^ mode of ac- . 
tion in a great variety of circumstances, but above all, 
the production of the spark from a magnet, the ignition 
of metallic wires, and chemical decomposition, show tlut 
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magnetism can no longer be regarded as a separate in- 
dependent principle. Although the evolution of light 
and heat during the passage of the electric fluid may be 
from the compression of the air, yet the development 
of electricity by heat, the influence of heat on magnetic 
bodies, and that of light on the vibration of the compass, 
ahow an occult connection between all these- agents, 
which probably will one day be revealed. In the mean 
time it opens a noble field of experimental research to 
philosophers of the present, perhaps of future ages. 
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Ethereal Medium — Comets — Do not disturb the Solar System^Their 
Orbits and Distuxbances— M. Faye's Comet, probably the same with 
Lexel's — ^Periods of other three known — ^Halley's— Acceleration in the 
Mean Motions of Encke's and Biela's Comets — The Shock of a Comet — 
Disturbin? Action of the Earth and Planets on Encke's and BieUt's 
Comets — Velocity of Comets — The Great Comet of 1843 — Physical Con- 
stitution— Shine by borrowed Light — Estimation of their Number. 

In considering the constitution of the earth and the 
fluids which surround it, various subjects have presented 
themselves to our notice, of which some, for aught we 
know, are confined to the planet we inhabit ; some are 
comnH)n to it and to the other bodies of our system. 
But an all-pervading ether probably fills the whole visi- 
ble creation, and conveys, in the form of light, tremors 
which may have been excited in the deepest recesses 
of the universe thousands of years before we were called 
into being. The existence of such a medium, though 
at first hypothetical, is nearly proved by the undulatory 
theory of light, and rendered all but certain within a 
few years by the motion of comets, and by its action 
upon the vapors of which they are chiefly composed. 
It has often been imagined, that, in addition to the ef- 
fects of heat and electricity, the tails of comets have 
infused new substances into our atmosphere. Possibly 
the earth may attract some of that nebulous matter, 
since the vapors raised by the sun's heat, when the 
comets are in perihelio, and which form their tails, are 
scattered through space in their passage to their aphe- 
lion; but it has hitherto produced no efifect, nor have 
22 Ff 
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tlia.ieeBoiM erer been infiueDc^ bj tiuwe bodies. The 
hAjb of the comet of the year 1811, niiich was so bril^ 
Bint, did not hnpart uny heat eren wlien eoodensed on 
tlie bulb of a thennometer, of a structure so delicate 
tliat it would have made the hiindredth pnt of a decree 
etident. In all probabil^v, the tails of ^ometEi may have 
passed over the earth wiuiont its inhabitanb being eaa- 
seious of their presence ; and there is reason po t^lieve 
that tile tail of the great comet of 1843 did so. 

The passage of comets has nerer sOnsibly disturbed 
the stalnUty of the solar system; their nucleus, being in 
general only a mass of vapor, is so rare, and their tranat 
so rapid, that the time has not been ^ong enough to ad- 
mit of a sufficient accumulation of impetus to produce a 
perceptible action. Indeed ML Dusejour hia proved, 
that under the most &vorable circumstances, a comet, 
cannot remain longer than two honrs and a half at a less 
distance from the earth than 10,500 leagues. The 
comet of 1770 passed within about six times the distance 
of the moon from the earth, without even afiecting our 
tides. According to La Place, the action of the earth 
oh the comet of 1770 augmented the period of its revolu- 
tion by more than two days ; and if comets had any per- 
ceptible disturbing energy, the reaction of the comet 
ought to have iocreased the length of our year. Had 
the mass of that comet been equal to the mass of the 
earth, its disturbing action would have increased the 
length of the sidereal year by 2^ 53"; but as Delambre's 
computations from the Greenwich observations of the 
sun show that the length of the year has not been in- 
creased by the fraction of a second, its mass could not 
have been equal to the xsVu^h part of that of the earth. 
This accounts for the same comet having twice swept 
through the system of Jupiter's satellites without de- 
ranging the motion of these moons. M. Dusejour has 
computed that a comet, equal in mass to the earth, pass- 
ing at the distance of 12,150 leagues fiom our planet, 
would increase the length of the year to 367'* 16''5'", and 
the obliquity of the ecliptic as much as 2°. So the 
principal action of comets would be to alter the calendar, 
even if they were dense enough to affect the earth. 

Comets traverse all parts of the heavens ; their paths 
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have every possible inclination to the plane of the eclip- 
tic, and, unlike the planets, the motion of more than 
half of those that have aj^eared has been retrograde, 
that is, from east to west. They are only visible when 
near their perihelia; then their velocity is such, that its 
square is twice as great as that of a body moving in a 
circle at the same distance : they consequently remain 
but a very short time within the planetary orbits. And 
AS all the conic sections of the same focal distance sen- 
sibly coincide, through a small arc, on each side of the 
extremity of their axis, it is difficult to ascertain in which 
of these curves the comets move, from observations 
made, as they necessarily must be, at their periheDa 
(N. 220). Probably they all move in extremely eccen- 
tric ellipses ; although in most cases the parabolic curve 
coincides most nearly with their observed motions. 
Some few seem to describe hyperbolas ; such, being once 
visible to us, would vanish forever, to wander through 
boundless ^pace, to the remote systems of the universe. 
If a planet be supposed to revolve in a circular orbit, the 
radius of which is equal to the perihelion distance of a 
comet moving in a parabola, the areas described by these 
two bodies in the same time will be as unity to the 
square root of two, which forms such a connection be- 
tween the motion of comets and planets, that by Kep- 
ler's law, the ratio of the areas described during the 
same time by the comet and the earth may be found. 
So that the place of a comet may be computed at any 
time in its parabolic orbit, estimated from the instant of 
its passage at the perihelion. It is a problem of very 
great difficulty to determine all the other elements of 
parabolic motion — namely, the comet's perihelion dis- 
tance, or shortest distance from the sun, estimated in 
parts of the mean distance of the earth from the sun; 
the longitude of the perihelion ; the inclination of the 
orbit on the plane of the ecliptic ; and the longitude of 
the ascending node. Three observed longitudes and 
latitudes of a comet are sufficient for computing the ap- 
proximate values of these quantities; but an accurate 
estimation of them can only be obtained by successive 
coiTections, from a number of observations, distant from 
one anodier. When the motion of a comet is retrograde, 
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thn place of the aisceiiding node is exactly opposite to 
what it is when the motloD is direct. Hence the place 
of the nHcenditig node, together with the diroction of the 
comet's motJouH, show whethiir the iochnation of the 
orbit L9 on the north or south side of the plane of the 
ecliptic. If the rbolfon he direct, the iiicIinBtioo is on 
the north side ; if retrognide^ it is on the south aide. 

The identity of ttie elements is the only proof of the 
return of a comet to our ay$tem. Should the elements 
of a new comet be the same, or nearly the same, with 
those of any one previously known, the probability of 
the identity of tho two bodies ia very great, since iho 
similarity escleuda to no less than four elenientji, every 
one of which ia capable of an iolinity of variations. But 
even if the orbit be detarminod with all the accuracy the 
cose admita of^ it may be difficult, or even imposaible, 
to recognize a comet on ita returni because its orbit 
would be very much changed if it passed near any of 
the large pluneta of this or of any other system^ in coo- 
Asquence of their disturbing energy, which wonld bo 
rery great on bodies of go rare a nature - 

By far the moat curious and interesting instance of 
the disturbing Hctlon of the great bodies ot our system 
is found in the comet of 1770. The elements of its or* 
bit, determined by Messier, did not agi^e with those of 
any comet that had hitherto been computed, yet Lezel 
ascertained that it described an ellipse about the sun, 
whose major axis waa only equal to three times the 
length of the diameter of the terresti'ial orbit, and con- 
sequeotly that it must return to the 9un at intervals of 
five years and a half. This result was confii*med by 
numerous observations, as the comet was visible through 
an arc of 170° ; yet this comet had never been observed 
before the year 1770, nor has it ever again been seen 
till 1843, though very brilliant. The disturbing action 
of the larger planets affords a solution of this anomaly, 
as Lexel ascertained that in 1767 the comet must have 
passed Jupiter at a distance less than the fifty-eighth 
part of its distance from the sun, and that in 1779 it 
would be 500 times nearer Jupiter than the sun ; conse- 
quently the action of the sun on the comet would not be 
the fiftieth part of what it would experience from Jupi- 
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ter, 8o that Jupiter became the primum mobile. As- 
sumiDg the orbit to be such as Lexel had determined Id 
1770, La Place found that the action of Jupiter, previ- 
ous to the year 1770, had so completely changed the 
form of it, that the comet which had been invisible to us 
before 1770, was then brought into view, and that the 
action of the same planet producing a contrary effect, 
has subsequently to that year removed it from our sight, 
since it was computed to be revolving in an orbit whose 
perihelion was beyond the orbit of Ceres. However, 
the action of Jupiter during the summer of 1840 must 
have been so great, from his proximity to that singular 
body, that he seems to have brought it back to its former 
path, as he had done in 1767, for the elements of the 
orbit of a comet which was discovered in November, 
1843, by M. Faye, agree so nearly with those of the 
orbit of Lexers comet as to leave scarcely a doubt of 
their identity. From tiie smallness of the eccentricity, 
the orbit resembles those of the planets, but this comet 
is liable to greater perturbations ihsm any other body in 
the system, because it comes very near the orbit of 
Mars when in perihelion, and very near that of Jupiter 
when in aphelion ; besides, it passes within a compara- 
tively small distance of the orbits of the minor planets, 
and as it will continue to cross the orbit of Jupiter at 
each revolution till the two bodies meet, its periodic 
time, now about seven years, will again be changed, but 
in the mean time it ought to return to its perihelion in 
the year 1851. This comet might have been seen from 
the earth in 1776, had its light not been eclipsed by that 
of the sun. It is quite possible that comets frequenting 
our system may be turned away, or others brought to 
the sun, by the attraction of planets revolving beyond 
the orbit of Uranus, or by bodies still farther removed 
from the solar influence. 

Other three comets, liable to less disturbance, return 
to the sun at stated intervals. Halley computed the 
elements of the orbit of a comet that appeared in the 
yeai" 1682, which agreed so nearly with those of the 
comets of 1607 and 1531, that he concluded it to be the 
same body returning to the sun at intervals of about 
seventy-five years. He consequently predicted its re- 
ffS 
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appeiTMiee in the year 1758, or in tiie be|^nlog of 
1769. Science was not sulficiendy advanced in the time 
of Halley, to enable lum to deterniine the perturbations 
this comet might experience; bat ChdnHit eompated, 
liiat in conseqnence of die attraction df Japiter ttd 
Satnm, its periodic time would be so much shorter Ifaaii 
dnrinff its revolution between 1607 and 1682, tiiat' k 
would pasllsi its perihellou on the 18di of April, 1759. 
The comet did arrive at t^at pmqt of its oiiiit on tAie IStii 
of March, which was thirty-seven days before f^ time 
assigned. Clairaut subsequentiy reduced the ennr to 
twenty-tiiree days ; and La Place has sinto shown that 
it would only have been tliirteen dsyB -if tiie mass of 
Saturn had been as well known as it is now. It appears 
from tills, thlit the petii of tiie comet was not quite known 
at that period ; and altiiou^ many observatkmB were 
tiien made, they were hr from attsikdng tiie aeeraracy of 
those of the. present day. Besides, since tiie year 1759 
Hie orbit of the comet has beian altered by the attraction 
of Jupiter in one direction, and tiiat of the eartii, Saturta, 
and Uranus, in the other; yet, notwitiistandine tiiese 
sources of uncertainty, and oar ignorance of all me pos- 
sible causes of derangement from' unknown bodies on 
the coofines of our system, or in the regions beyond it, 
the comet has appeared exactly at the time, and not far 
from the place, assigned to it by astronomers ; and its 
actual arrival at its perihelion a little before noon on the 
16th of November, 1835, only differed from the com- 
puted time by a very few days. 

The fulfilment of this astronomical prediction is truly 
wonderful if it be considered that the comet is seen onty 
for a few weeks, daring its passage through our system, 
and that it wanders from the sun for seventy-five years 
to twice the distance of Uranus. This enormous orWt 
is four times longer than it is broad ; its length is about 
3420 millions of miles, or about thirty-six times the mean 
distance of the earth from the sun. At its perihelion 
the comet comes within nearly fifty-seven millions of 
miles of the sun, and at its aphelion it is sixty times 
more distant. On account of this extensive range it 
must experience 3600 times more light and heat when 
nearest to the sun than in the most remote point of its 
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oibit. In the one position the sun will seem to be four 
times larger than he appears to us, and at the other he 
will not be apparently larger than a star (N. *221). 

Od the first appearance of Halley's comet, early in 
August, 1835, it seemed to be merely a globular mass of 
dim vapor, without a tail. A concentration of light, a 
little on one side of the center, increased as the comet 
approached the sun and earth, and latterly looked so 
like the disc of a small pkinet, that it might have been 
mistaken for a solid nucleus. M. Stru?e, however, saw 
a central occultation of a star of the ninth magnitude by 
the comet, at Dorpat, on the 29th of September. The 
star remained constantly visible, without any considera- 
ble diminution of light ; and instead of being eclipsed, 
the nucleus of the comet disappeared at the moment of 
conjunction from the brilliancy of the star. The tail 
increased as the comet approached its perihelion, and 
shortly before it was lost in the sun*s rays, it was between 
thirty and forty degrees in length. 

According to the observations of M. Valz, of Nismes, 
the nebulosity increased in magnitude as it approached 
the sun ; but no other comet on record has exhibited 
such sudden and unaccountable changes of aspect. The 
nucleus, clear and well defined, like the disc of a planet, 
was observed on one occasion to become obscure and en- 
larged in the course of a few hours. But by far the 
most remarkable circumstance was the sudden appear- 
ance of certain luminous brushes or sectors, diverging 
from the center of the nucleus through the nebulosity. 
M. Struve describes the nucleus of the comet, in the 
beginning of October, as elliptical, and like a burning 
coal, out of which there issued, in a direction nearly op- 
posite to the tail, a divergent flame, varying in intensity, 
form, and direction, appearing occasionally even double, 
and suggesting the idea of luminous gas bursting from 
the nucleus. On one occasion M. Arago saw three of 
these divergent flames on the side opposite the tail, rising 
through the nebulosity, which they greatly exceeded in 
brilliancy : after the comet had passed i£s perihelion, it 
acquired another of these luminous fans, which was ob- 
seiTod by Sir John Herschel at the Cape of Good Hope. 
Hevelius describes an appearance precisely similar, 
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which he had witnoMed in this comet at iti approMi to 
the fun in the year 16S^ and aomethinff en Hie Idnd 
ieems to have been noticed in the comet m 1744. Poa- 
mbly the second tail of the comet of 1724, whidi waa 

^direictBd toward the aun, xnay hare been of tibia natatre. 
' The influence ef tilie etiieraal mediom on Hie motkma 
of HaUevUi comet, will be known after anotiber revofti- 

. tion, and future aatronomera will learn, by the aoenracy 
of its returns, whether it has met with anij nnknown 
cause of disturbance in its distant journey. UndiBodTered 
planets, beyond the visible boundary of our ^yatenaiy nmj 
change its path and the period of its revohition, and thna 
may indirect^ reVeal to us their eiistence» and eren 
their, physical nature and orbit. The secrets of die yet 
more distant heavens may be disclosed to fhtore genera- 
tions by comets which penetrate atiU ftrther into apace, 
auch as that of 1763, which, if any fiiith may be placed 
in the computation, goes nearfy forty-three times nirther 
firom the sun than HaDey'a does, and showa that the 
sun's attraction is powerful enough, at the enormona 
distance of 15,500 millions of miles, to recall the comet 
to its perihelion. The periods of some comets are said 
to be of many thousand years, and even the average time 
of the revolution of comets generally is about a thousand 
years ; which proves that the sun*s gravitating force ex- 
tends very far. La Place estimates that the solar at- 
traction is felt throughout a sphere whose radius is a 
hundred millions of times greater than the distance of 
the earth from the sun. 

Authentic records of Halley's comet do not extend be- 
yond the year 1456, yet it may be traced, with some 
degree of probability, even to a period preceding the 
Christian era. But as the evidence only rests upon 
coincidences of its periodic time, which may vary as 
much as eighteen months from the disturbing action of 
the planets, its identity with comets of such remote 
times must be regarded as extremely doubtfuL 

This is the first comet whose periodicity has been 
established. It is also the first whose elements have 
been determined from observations made in Europe ; for 
although the comets which appeared in the years 240, 
539, 565, and 837, are the most ancient of those whose 
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orbits have been traced, their elements were computed 
from Chinese observations. 

Besides Halley^s and LexePs comets, two others are 
now proved to form part of our system ; that is to say, 
they return to the sun at intervals, one of three years, 
and the other of 61 years nearly. The first, generally 
called £ncke*s comet, or the comet of the short periodf, 
was first seen by MM. Messier and Mechain, in 1786, 
agam by Miss Herschel in 1805, and its returns, in the 
years 1805* and 1819, were observed by other astrono- 
mers, under the impression that all four were different 
bodies. However, Professor Encke not only proved 
their identity, but determined the circumstances of the 
' eomet's motion. Its reappearance in the years 1825, 
1828, and 1832, accorded with the orbit assigned by M. 
Encke, who thus established the length of its period to 
be 1204 days, neariy. This comet is very small, of 
feeble light, and invisible to the naked eye, except 
under very &vorable circumstances, and in particular 
positions. It has no tail, it revolves in an ellipse of 
great eccentricity inclined at an angle of 13° 22' to the 
plane of the ecliptic, and is subject to considerable per- 
turbations from the attraction of the planets, which 
occasion variations in its periodic time. Among the 
many perturbations to which the planets are Uable, 
their mean motions, and therefore the major axes of 
tiieir orbits, experience no change ; while on the con- 
trary, the mean motion of the moon is accelerated from 
age to age — a circumstance at first attributed to the re- 
sistance of an ethereal medium pervading space, but 
subsequently proved to arise from the secular diminution 
of the eccentricity of the terrestrial orbit. Although 
tiie resistance of such a medium has not hitherto been 
perceived in the motions of such dense bodies as the 
-planets and satellites, its effects on the revolutions of 
the two small periodic comets hardly leave a doubt of 
its existence. From the numerous observations that 
have been made on each return of the comet of the 
short period, the elements have been computed with 
ereat accuracy on the hypothesis of its moving in vacuo. 
Its perturbations occasioned by the disturbing action of 
tibe planets have been determined ; and after everything 
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that could influence its motion had been duly considered, 
M. Encke found that an acceleration of about two days 
in each revolution has taken place in its mean motion, 
precisely similar to that which would be occasioned by 
the resistance of an ethereal medium. And as it cannot 
be attributed to a cause like tti&t which produces the 
acceleration of the moon, it must be concluded that the 
celestial bodies do not perform their evolutions in an 
absolute void, and that although the medium be too rare 
to have a sensible effect on the masses of die planets 
and satellites, it nevertheless has a considerable influ- 
ence on so rare a body as a comet. Contradictory as it 
may seem, that the motion of a body should be accele- 
rated by the resistance of an ethereal medium, the 
truth becomes evident if it be considered diat both 
planets and comets are retained in their orbits by two 
forces which exactly balance one another ; namely, the 
centrifugal force producing the velocity in the tangent, 
and the attraction of the gi*avitating force directed to 
the center of the sun. If one of these forces be dimin- 
ished by any cause, the other will be proportionally 
increased. Now, the necessary effiect of a resisting 
medium is to diminish the tangential velocity, so that 
the balance is destroyed, gravity preponderates, the 
body descends toward the sun till equilibrium is again 
restored between the two forces; and as it then de- 
scribes a smaller orbit it moves with increased velocity. 
Thus, the resistance of an ethereal medium actually 
accelerates the motion of a body ; but as the resisting 
force is confined to the plane of the orbit, it has no in- 
fluence whatever on the inclination of the orbit, or on 
the place of the nodes. In computing its effect, M. 
Encke assumed the increase to be inversely as the 
squares of the distances, and that its resistance acts as a 
tangential force proportional to the squares of the 
comet's actual velocity in each point of its orbit. The 
other comet belonging to our system, which returns to 
its perihelion after a period of 6| years, has been ac- 
celerated in its motion by a whole day during its last 
revolution, which puts the existence of ether nearly 
beyond a doubt, and forms a strong presumption in cor- 
roboration of the undulatory theory of light. Since this 
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comet, which revolves nearly between the orbits of the 
earth and Jupiter, is only accelerated one day at each 
revolution, while Encke's, revolving nearly between the 
orbits of Mercury and Pallas, is accelerated two, the 
ethereal medium must increase in density toward the 
sun. The comet in question was discovered by M. 
Biela at Johannisberg on the 27th of February, 1826, 
and ten days afterward it was seen by M. Gambart at 
Marseilles, who computed its parabolic elements, and 
found that they agreed with those of the comets which 
had appeared in the years 1789 and 1795^ whence he 
conchided them to be the same body moving in an 
ellipse, and accomplishing its revolution in 2460 days. 
The perturbations of this comet were computed by M. 
Damoiseau, who predicted that it would cross the plane 
of the ecliptic on the 29th of October, 1832, a little 
before midnight, at a point nearly 18,484 miles within 
the earth's orbit; and as M. Olbers of Bremen, in 1805, 
had determined the radius of the comet's head to be 
about 21,136 miles, it was evident that its nebulosity 
would envelop a portion of the earth's orbit, a circum- 
stance which caused some alarm in France, from the 
notibn that if any disturbing cause had delayed the 
arrival of the comet for one month, the earth must have 
passed through its head. M. Arago dispelled these 
fears by his excellent treatise on comets in the An- 
nuaire of 1832, where he proves, that as the earth 
would never be nearer the comet than 18,000,000 
British leagues, there could be no danger of collision. 
The earth is in more danger from these two small 
comets than from any other. Encke's crosses the ter- 
restrial orbit sixty times in a century, and may ulti- 
mately come into collision; but both are so extremely 
rare, that little injury is to be apprehended. 

The earth would fall to the sun in 64 i days, if it 
were struck by a comet with sufficient impetus to de- 
stroy its centrifugal force. What the earth's primitive 
velocity may have been, it is impossible to say. There- 
fore a comet may have given it a shock without changing 
the axis of rotation, but only destroying part of its tan- 
gential velocity, so as to diminish the size of the orbit — a 
thing by no means impossible, though highly improbable. 
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At all events, there is no proof of this having occarred ; 
and it is manifest that the axis of the earth's rotation 
has not been changed, because, as the ether offers no 
sensible resistance to so dense a body as the earth, the 
libration would to this day be evident in the variation it 
must have occasioned in the terrestrial latitudes. Sup- 
posing the nucleus of a comet to have a diameter only 
equal to the fourth part of that of the earth, and that its 
peiihelion is nearer to the sun than we are ourselves, its 
orbit being otherwise unknown, M. Arago has computed 
that the probability of the earth receiving a shock from 
it is only one in 281 millions, and that the chance of our 
coming in contact with its nebulosity is about ten or 
twelve times greater. Only comets with retrogade mo- 
tions can come into direct collision with the earth, and if 
the momentum were great the event might be fatal; 
but in general the substance of comets is so rare, that it 
is likely they would not do much harm if they were to 
unpinge ; and even then the mischief would probably be 
local, and the equilibrium soon restored, provided the 
nucleus were gaseous, or very small. It is, however, 
more probable that the earth would only be deflected a 
little from its course by the approach of a comet, with- 
out being touched by it. The comets that have come 
nearest to the earth were that of the year 837, which 
remained four days within less than 1,240,000 leagues 
from our orbit ; that of 1770, which approached within 
about six times the distance of the moon. The cele- 
brated comet of 1680 also came very near to us; and 
the comet whose period is 61 years was ten times nearer 
the earth in 1805 than in 1832, when it caused so much 
alarm. 

Encke's and Biela's comets are at present far removed 
from the influence of Jupiter, but they will not always 
remain so, because the aphelia and nodes of the orbits 
of these two comets being the points which approach 
nearest to the orbit of Jupiter, at each meeting of the 
planet and comets which shall take place there, the 
major axis of Encke's comet will be increased, and that 
of Biela's diminished, till in the course of time, when 
the proximity has increased sufficiently, the orbits will 
be completely changed, as that of Lexel's was in 1770. 
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Every twenty-third year, or after seven revolutions of 
£ncke*8 comet, its greatest proximity to Jupiter takes 
place, and at that time his attraction increases the pe- 
riod of its revolution by nine days — a circumstance 
which took place in the end of the years 1820 and 1843. 
But from the position of the bodies there is a diminution 
of three days in the six following revolutions, which 
reduces the increase to six days in seven revolutions. 
Thus before the year 1819, the periodic time of Encke^s 
comet was 1204 days, and it was 1219 days in accom- 
plishing its last revolution, which terminated in 1845. 
By this progressive increase the orbit of the comet will 
reach that of Jupiter in seven or eight centuries, and 
then by the very near approach of the two bodies it wiU 
be completely changed. 

At present the earth and Mercury have the most 
powerfiil influence on the motions of Encke^s and Biela^s 
comets ; and have had for so long a time that, according 
to the computation of Mr. Airy, the present orbit of the 
latter was formed by the attraction of the earth, and 
that of Encke's by the action of Mercury. Wili re- 
gard to the latter comet, that event must have taken 
place in February, 1776. In 1786 Encke*s comet had 
fwth a tail and a nucleus, now it has neither ; a singular 
instiftice of the possibility of their disappearance. 

Comets in or near their perihelion move with pro- 
diffioas velocity. That of 1680 appears to have gone 
huf round the sun in ten hours and a half, moving at 
the rate of 880,000 miles an hour. If its enormous 
centrifugal force had ceased when passing its perihe- 
lion, it would have fallen to the sun in about three 
minutes, as it was then less than 147,000 miles from his 
surface. So near the sun, it would be exposed to a heat 
27,500 times greater than that received by the earth ; 
and as the sun's heat is supposed to be in proportion to 
the intensity of his light, it is probable that a degree of 
heat so intense would be sufficient to convert into vapor 
every terrestrial substance with which we are acquainted. 
At the perihelion distance the sun's diameter would be 
seen from the comet under an angle of 73°, so that the 
sun, viewed from the comet, would nearly cover the 
whole extent of the heavens from the horizon to t^o 
Go 
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MBtdth. As this comet is presumed to hare a penod of 
675 years, the major axis of its orhit must be so great, 
that at the aphelion the sun's diameter would onfy' sub- 
tend an an^ of about fourteen seconds, 'which is not 
so great by half as the diameter of Man appears to us 
when in oppocntion. the sun would ooDseadently im- , 
part no heat, so that the comet would tlien be es^oaed 
to the temperature of the ethereal regions, which u 58^ 
below the zero pmnt of Fahrenheit. A body of sui^ 
tenuity as the comet, monng with such velocity, most 
have met with great resistance from the dense atnxw- 
< phere of tl^e sxm, while passiiuB; so near his surface at 
Its perihelion. The centrifusalforoe must conseqaently 
have been diminished, and ue sun*s attraction propor- 
tionally augmented, so lliat it must have come nearer to 
the sun in 1680 than in its prece&g revolution, and 
would subsequently describe a smaller orbit. Ap this 
diminution of its orbit wiU be repeated at each revolu- 
tion, the comet vnll infallibly end by falling on the sur- 
fiice of the sun, unless its course be changed by the dis- 
turbing influence of some large bo^ in the tinknown 
expanse of creation. Our ignorance of the actual den- 
sity of the 8un*8 atmosphere, of the density of the 
comet, and of the period of its revolution, renders it 
impossible to form any idea of the number of centuries 
which must elapse before this event takes place. 

The same cause may affect the motions of the planets, 
and ultimately be the means of destroying the solar sys- 
tem. But, as Sir John Herschel observes, they could 
hardly all revolve in the same direction round the sun 
for so many ages without impressing a corresponding 
motion on the ethereal fluid, which may preserve them 
from the accumulated effects of its resistance. Should 
this material fluid revolve about the sun like a vortex, it 
will accelerate the revolutions of such comets as have 
direct motions, and retard those that have retrograde 
motions. 

The comet which appeared unexpectedly in the be- 
ginning of the year 1 843, was one of the most splendid 
that ever visited the solar system. It was in the con- 
stellation of Antinous in the end of January, at a dis- 
tance of 115 millions of miles from the eaith, and it 
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passed through its perihelion on the 27th of February, 
when it was lost in the sun's rays ; but it began to be 
▼iiible about the 3d of March, at which time it was near 
the star Iota Cetae, and its tail extended toward the 
£[are. The brightness of the comet and the length of 
Its tail continued to increase till the latter stretched far 
beyond the constellation of the Hare toward a point 
above Sirius. Stars were distinctly seen through it, 
and when near perihelion the comet was so bright that 
it was seen in clear sunshine in the United States 
like a white cloud. The motion was retrograde, and 
oh leaving the solar system it retreated so rapidly at 
once from the sun and earth that it was soon lost sight 
offer want of light. On the 1st of April it was between 
the sun and the earth, and only 40 millions of miles from 
tiie latter ; and as its tail was at least 60 millions of 
miles long, and 20 millions of miles broad, we probably 
passed through it without being aware of it. There is 
some discrepancy in the different computations of the 
elements of the orbit, but in the greater number of 
cases the perihelion distance was found to be less than 
the semidiameter of the sun, so that the comet must 
have grazed his sui*face, if it did not actually impinge 
obliquely on him. 

The perihelion distance of this comet differs little 
from that of the great comet of 1668, which came so 
near the sun. The motion of both was retrograde, and 
a certain resemblance in the two orbits makes it proba- 
ble that they are the same body performing a revolution 
in 175 years. 

Though already so well acquainted with the motions 
of comets, we know nothing of their physical constitu- 
tion. A vast number, especially of telescopic comets, 
are only like clouds or masses of vapor, often without 
tails. Such were the comets which appeared in the 
years 1795, 1797, and 1798. But the head commonly 
consists of a concentrated mass of light, like a planet, 
surrounded by a very transparent atmosphere, and the 
whole, viewed with a telescope, is so diaphanous, that 
the smallest star may be seen even through the densest 
part of the nucleus ; in general their solid parts, if they 
have any, are so minute, that they have no sensible 
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^diameter I lika that of the comet of 1811, which ap«i 
'bearad to Sir WUliam Herschel like a luminoas point 1 
%a the middle of the nebuloua malt or, Th& nuclei,! 
Which seemed to be formed of the do user strata of tbail 
>XLebuLoU9 mattei' in successive coating^i are sometime*! 
of great magnitude. Those comets which came to thq 
«mi in the jears 1799 and 1@07, had nuclei whoi^e di^ 
«jnet©ri measured 180 and 275 laagues i^spectivelj|| 
and the ^ooond comet of 1311 had a nucleus of 13501 
leagues in diameter- 

It must however bo stated, that as comets are gene 
taJly at prodigioue distances from the earih, tile eolidl 
I parts of the nuclei appear like mere points of light, so 
minute that it impossible to measure tbem wiQi any 
kind of accuracy, »o tbiit the best astronomers often 
differ in the estimation of their aize^ by one-half of the 
, whole diameter. The transit of a comet across the sun 

1^ would afford the best information with regard to the 
nature of the nuclei. It waa computed tlmt such an 
event was to take pkce in the year 1827 ; unfortunately 
the sun wfis hid by clouds &om tbe British astronomers, 
but it was examined at Tiviers and at Maraeillea at the 
time the comet must have been projected ou its disc, 
but no spot or cloud was to be seen, so that it must 
have had no solid part whatever. The nuclei of many 
comets which seemed solid and brilliant to the naked 
eye have been resolved into mere vapor by telescopes 
of high powers ; in Halley's comet there was no solid 
pait at all. 

The nebulosity immediately round the nucleus is so 
diaphanous that it gives little light ; but at a small dis- 
tance the nebulous matter becomes suddenly brilliant, 
so as to look like a bright ring round Qie body. 
Sometimes there are two or three of these luminous 
^concentric rings separated by dark intervals, but they 
are generally incomplete on the part nej^t the tail. 

These annular appearances are an optical effect, 
arising from a succession of envelops of the nebulous 
matter with intervals between them, of which the first 
is sometimes in contact with the nucleus and sometimes 
not. The thickness of these bright diaphanous coatings 
ii\the comets of 1799 and 1807 were about 7000 and 
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lOtOOO leagues respectively ; and in the first comet of 
1811, the luminous ring was 8000 leagues thick, and 
the distance between its interior surface and the center 
of the head was 10,000 leagues. The latter comet was 
by much the most brilliant that has been seen in mod- 
em times ; it was first discovered in this country by Mr. 
James Vietch of Inchbonny, and was observed in all its 
changes by Sir William Herschel and M. Olbors. To 
the naked eye, the head had the appearance of an ill- 
defined round mass of light, which was resolved into 
several distinct parts when viewed with a telescope. 
A very brilliant interior circular mass of nebulous mat- 
ter was surrounded by a black space having a parabolic 
form, very distinct from the dark blue of the sky. This 
dark space was of a very appreciable breadth. Exterior 
to the black interval there was a luminous parabolic 
contour of considerable thickness, which was prolonged 
on each side in two diverging branches, which formed 
the bifid tail of the comet. Sir William Herschel found 
that the brlHiant interior circular mass lost the distinct- 
ness of its outline as he increased the magnifying power 
of the telescope, and presented the appearance of a 
more and more diffuse mass of greenish or bluish-green 
light, whose intensity decreased gradually, not from the 
center, but from an eccenti'ic brilliant speck, supposed 
to be the tniiy solid part of the comet. The luminous 
envelop was of a decided yellow, which contrasted 
strong^ with the greenish tint of the interior nebulous 
mass. St€u*s were nearly veiled by the luminous en- 
velop, while, on the contrary. Sir W91iam Herschel saw 
three extremely small stars shining clearly in the black 
space, which was singularly ti*ansparent. As the en- 
velops were formed in succession as the comet ap- 
proached the sun, Sir William Herschel conceived them 
to be vapors raised by his heat at the surface of the 
nucleus, and suspended round it like a vault or dome by 
the elastic force of an extensive and highly transparent 
atmosphere. In coming to the sun, the coatings began 
to form when the comet was as distant as the orbit of 
Jupiter, and in its return they very soon entirely van- 
ished ; but a new one was formed after it had retreated 
as far as the orbit of Mars, which lasted for a few days. 
23 gg2 
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Indeed, comets in general are subjeefc to sudden and 
mlent conmlsioni in their interior, even when fiur from 
the son, which produce changes that are yisible at enor- 
mons distances, and baffle bXL attempts at esplanationc— 
probably arising from electricity,.!^ even caoaea w'tAi 
which we are unacquainted. The envelops smroondiiig 
the nucleus of the comet on the side next to the son, 
diverge on the opposite side^ where thsfy are prolo^^ed 
into t£e form of a hdlow cone, which is the taiL Two 
repulsive forces seem to be concerned in produdng 
thu effect ; one from the comet and another from the 
sun, the latter being the most powerful. The envelops 
are nearer the center of the comet on the side next to 
the sun, where these &rces are opposed to one an-- 
other; but on the other side the forces conspire to 
frarm the tail, conveying the nebulous particles to enor- 
mous distances. 

The lateral edges of the tail reflect more li^ tiban 
the central part, because the line of vision passes throuf^ 
a greater depth of nebulous matter, which prodnees the 
eroct of two streams somewhat like the aurora. Stars 
shine with undiminished lustre through the central part 
of l^e tail because their rays traverse it perpendicularly 
to its thickness ; but though distinctly seen through its 
edges, their light is weakened by its oblique transmis- 
sion. The tail of the great comet of 1811 was of won- 
derful tenuity; stars which would have been entirely 
concealed by the slightest fog, were seen through 64,000 
leagues of nebulous matter without the smallest refrac- 
tion. Possibly some part of the changes in the appear- 
ance of the tails arises from rotation. Several comets 
have been observed to rotate about an axis passiog 
through the center of the tail. That of 1825 performed 
its rotation in 20^ hours, and the rapid changes in the 
luminous sectors which issued from the nucleus of Hal- 
ley's comet, in all probability were owing to rotatory 
motion. 

The two streams of light which form the edges of the 
tail, in most cases unite at a greater or less distance from 
the nucleus, and are generally situate in the plane of 
the orbit. The tails follow comets in their descent 
toward the sun, but precede them in their return, with 
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9 small degree of curvature ; their apparent extent and 
form vary according to the positions of the orbits with 
regard to the ecliptic. In some cases, the tail has been 
at right angles to the line joining the sun and comet. 
The curvature is in part owing to the resistance of the 
ether, and partly to the velocity of the comet being 
greater than that of the particles at the extremity of its 
tail, which lag behind. The tails are generally of enor- 
mous lengths ; the comet of 1811 had one no less than a 
hundred millions of miles in length, and those which 
appeared in the years 1618, 1680, and 1769, had tails 
which extended respectively over 104, 90, and 97 de- 
grees of space. Consequently, when the heads of these 
comets were set, a portion of the extremity of their tails 
was still in the zenith. Sometimes the tail is divided 
into several branches, hke the comet of 1744, which had 
six, separated by dark intervals, each of them about 4° 
broad, and from 30° to 44° long. They were probably 
formed by three hollow cones of the nebulous matter 
proceeding from the different envelops, and inclosing one 
another with intei-vals between ; the lateral edges of 
these cones would give the appearance of six streams of 
light. The tails do not attain their full magnitude till 
the comet has left the sun. When comets first appear, 
they resemble round films of vapor with little or no tail. 
As they approach the sun, they increase in brilliancy, 
and their tail in length, till they are lost in his rays ; and 
it is not till they emerge from the sun's more vivid light 
that they assume their full splendor. They then grad- 
ually decrease, their tails diminish, and they disappear 
nearly or altogether before they are beyond the sphere 
of telescopic vision. Many comets have no tails, as for 
example Encke's comet, and that discovered by M. Biela, 
both of which are small and insignificant objects. The 
comets which appeared in the years 1585, 1763, and 
1682, were also without tails, though the latter is re- 
corded to have been as bright as Jupiter. The matter 
of the tail must be extremely buoyant to precede a body 
moving with such velocity ; indeed the rapidity of its 
ascent cannot bo accounted for. It has been attributed 
to that power in the sun which produces those vibrations 
of ether which constitute light ; but as this theory will 
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not Rcuount for febe comet of 18*24, whicli is said to have 
had two taller on© directed toward the sun, and a very 
iltiirt on€ diftmetrically opposite to it, our ignorance on 
tbis iobject must be coufessed^ 1 n this case tlie repel- 
ling power of the comet seems to have been gi'eater than 
that of die sun. Whatever that uuknown power may 
be, thei*i» lire instances iu which its ©ffecrs are onormoust 
for immediately after the grent comet of 1680 had passed 
itB periholion, its tail wws !00,000*000 miles in length, 
and was* projected from the Gomet*8 bead in the short 
apacfj of two dnys, A kidy of snch extreme tenuity as 
a comet is most likely incapable of an iittrnctioTi power* 
fu( pnough to recidl matter sent to aiich an enormous 
dbtimce ; it is therefore m all probubilily aciittered in 
space, which may accouai for the rapid decrease ob- 
served iu the taib of comets evei-y time they return to 
their perthelia. Should the great comet of 1843 prove 
tu be the same with that of 1666, its tail must have di- 
minished consitlenibly. 

it is remfli*[iable that although the tails of comets in- 
crease in leagth aMfcej approach their perihelia, there 
is reason to bolioTO that the real dinmeter of lb© head 
contracts on coming uear the sun, and expands rapidly 
on leaving him. Heveiius first observed this phenome- 
noB, which Enclve's comet has exhibited iu a very ex- 
traordinary degree. On the 28th of October, 1828, this 
comet was about three times as far from the sun as it 
was on the 24th of December, yet at the first date its 
apparent diameter was twenty-five times greater than at 
the second, the decrease being progressive. M. Valz 
attributes the circumstance to area! condensation of vol- 
ume from the pressure of the ethereaf medium, which 
increases most rapidly in density toward the surface of 
the sun, and forms an extensive atmosphere around him. 
It did not occur to M. Valz, however, that the ethereal 
fluid would penetrate the nebulous matter instead of 
compressing it. Sir John Herschel, on the contrary, 
conjectures that it may be owing to the alternate con- 
version of evaporablo materials in the upper regions of 
the transparent atmosphere of comets into the states of 
visible cloud and invisible gas by the effects of heat and 
cold ; or that some of the external nebulous envelops 



Sbot. XXXVI. LIGHT OF COMETS. 357 

may come into view when the comet arrives at a darker 
part of the sky, which were overpowered by the supe- 
rior hght of the sun while in his vicinity. The first of 
these hypotheses he considers to be perfectly confirmed 
by his observations on Halley's comet, made at the Cape 
of Good Hope, after its return from the sun. He thinks 
that in all probability the whole comet, except the dens- 
est part of its nucleus, vanished and was reduced to a 
transparent and invisible state during its passage at its 
perihelion, for when it first came into view after leaving 
the sun it had no tail, and its aspect was completely 
changed. A parabolic envelop soon began to appear, 
and increased so much and so rapidly that its augmenta- 
tion was visible to the eye. This increase continued till 
it became so large and so faint, that at last it vanished 
entirely, leaving only the nucleus and a tail, which it had 
again acquired, but which also vanished, so that at last 
the nucleus alone remained. Not only the tails, but the 
nebulous part of comets diminishes every time they re- 
turn to their perihelia ; after frequent returns they ought 
to lose it altogether, and present the appearance of a 
fixed nucleus : this ought to happen sooner to comets of 
short periods. M. de la Place supposes that the comet of 
1682 must be approaching rapidly to that state. Should 
the substances be altogether, or even to a great degi'ee, 
evaporated, the comet would disappear forever. Possi- 
bly comets may have vanished from our view sooner than 
they would otherwise have done from this cause. 

If comets shine by borrowed light, they ought, in 
certain positions, to exhibit phases like the moon ; but 
no such appearance has been detected except in one 
instance, when they are said to have been observed by 
Hevelius and La Hire in the year 1682. In general, 
the light of comets is dull — that of the comet of 1811 
was only equal to the tenth part of the light of the full 
moon — ^yet some have been brilliant enough to be visible 
in full daylight, especially the comet of 1744, which was 
seen without a telescope at one o'clock in the afternoon, 
while the sun was shining. Hence it may be inferred 
that, although some comets maybe altogether diaphanous, 
others seem to possess a solid mass resembling a planet. 
But whether liey shine by their own or by reflected 
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been sBtiafuctcinly made out tUl uow. 
%b€f fight of n comet were poliuristetl, it i^*cmJd 
'd ft tlecisive test, BUic& a body is capable of re- 
light tbmigh it shines by ils own. M, Arf*g€i, 
of, hns with great ingenuity discovered a methtxl 
w^ertaininp; this pointy mdepeudent both of phnsea 
[Kilarisr^ation* 

nice fhe rays of light diverge from a luminona point, 
/ wi]l be sGattt*rad over a greatPT space as the di»- 
*-© itier^iBM^s^ m that the inteosity of ibo light on b 
en two feet fiom the objoct, ia fom- times less th»ii 
'e distance of one fnnt pe feet from the object 

Qtn© times leas, ar ji decreasing in intensity 

je Bqtiai'fls! of the ni m increase. As a self- 

imons surface consi!^ ai infinite unmber of lumi- 

is jioiiitar it is clear t\ini rne j^jenter the €*stent of sur- 
5, the more intense will be the liglit; wlience it may 
concluded thtit the iUuiiiinntiiig power of such a sur- 
"s proportional to its extent, and de^ creases inversely 
j squares of the distances. Notwithstanding thja, 
-luminous surface, plane or curved, viewt*d through 
mt& in a piate of nietdT is of the same brilliancy at all 
^posaible distancas aa long a*; it subtends a sensible angle, 
because, as the distance increases, a g:reater portion 
comes into view, and a« the augnientution of surface ts 
as the square of the diameter of the part seen through 
the hole, it increases as the squares of the distances. 
Hence, though the number of rays from any one point 
of the surface which pass through the hole, decreases 
inversely as the squares of the distances, yet, as the 
extent of surface which comes into view increases also 
in that ratio, the brightness of the object is the same to 
the eye as long as it has a sensible diameter. Por ex- 
ample — Uranus is about nineteen times farther from the 
sun than we are, so that the sun, seen from that planet, 
must appear like a star with a diameter of a hundred 
seconds, and must have the same brilliancy to the inhab- 
itants that he would have to us if viewed through a 
small circular hole having a diameter of a hundred sec- 
onds. For it is obvious that light comes from every 
point of the sun*s surface to Uranus, whereas a very 
small portion of his disc is visible through the hole ; so 
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that extent of surface exactly compensates distance. 
Since, then, the visibility of a self-lumiDous object does 
not depend upon the angle it subtends as long as it is 
of sensible magnitude, if a comet shines by its own light, 
it should retain its brilliancy as long as its diameter is of 
a sensible magnitude ; and even after it has lost an ap- 
parent diameter, it ought to be visible, like the fixed 
stars, and should only vanish in consequence of extreme 
remoteness. That, however, is far from being the case 
— comets gradually become dim as their distance in- 
creases, and vanish merely from loss of light, while 
they still retain a sensible diameter, which is proved by 
observations made the evening before they disappear. 
It may therefore be concluded, that comets shine by 
reflecting the sun's light. The most brilliant comets 
have hitherto ceased to be visible when about five times 
as far from the sun as we are. Most of the comets 
that have been visible from the earth have their peri- 
helia within the orbit of Mars, because they are invisible 
when as distant as the orbit of Saturn : on that account 
there is not one on record whose perihelion is situate 
beyond the orbit of Jupiter. Indeed, the comet of 1756, 
after its last appearance, remained five whole years 
within the ellipse described by Saturn without being 
once seen. More than a hundred and forty comets 
have appeared within the earth's orbit during the last 
century that have not again been seen. If a thousand 
years be allowed as the average period of each, it may 
be computed, by the theory of probabilities, that the 
whole number which range within the earth's orbit 
must be 1400 ; but Uranus being about nineteen times 
more distant, there may be no less than 11,200,000 
comets that come within the known extent of our sys- 
tena. M. Arago makes a different estimate : he con- 
siders that, as thirty comets are known to have their 
perihelion distance within the orbit of Mercury, if it be 
assumed that comets are uniformly distributed in space, 
the number having their perihelion within the orbit of 
Uranus must be to thirty as the cube of the radius of 
the orbit of Uranus to the cube of the radius of the 
orbit of Mercury, which makes the number of comets 
amount to 3,529,470. But that number may be doubled, 
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i£ it be considered that, in consequence of daylight, fogs, 
and great southern declination, one comet out of two 
must be hid from us. According to M. Arago, more 
than seven millions of comets frequent the planetary 
orbits. 

The different degrees of velocity with which the 
planets and comets were originally propelled in space is 
the sole cause of the diversity in the form of their orbits, 
which depends only upon the mutual relation between 
the projectile force and the sun's attraction. 

When the two forces are exactly equal to one another, 
circular motion is produced; when the ratio of the pro- 
jectile to the central force is exactly that of 1 to the 
square root of 2, the motion is parabolic ; any ratio be- 
tween these two will cause a body to move, in an ellipse, 
and any ratio greater than that of 1 to the square root of 
2 will produce hyperbolic motion (N. 222). 

The celestial bodies might move in any one of these 
four curves by the law of gravitation ; but as one par- 
ticular velocity is necessary to produce either circular or 
parabolic motion, such motions can hardly be supposed to 
exist in the solar system, where the bodies are liable to 
such mutual disturbances as would infallibly change the 
ratio of the forces, and cause them to move in ellipses 
in the first case, and hyperbolas in the other. On the 
contrary, since every ratio between equality and that of 
1 to the square root of 2 will produce elliptical motion, it 
is found in the solar system in all its varieties, from that 
which is nearly circular, to such as borders on the para- 
bolic from excessive eUipticity. On this depends the 
stability of the system ; the mutual disturbances only 
cause the orbits to become more or less eccentric with- 
out changing their nature. 

For the same reason the bodies of the solar system 
might have moved in an infinite variety of hyperbolas, 
since any ratio of the forces, greater than that which 
causes parabolic motion, will make a body move in one 
of these cui-ves. Hyperbolic motion is however very 
rare ; only two comets appear to move in orbits of that 
nature, those of 1771 and 18-24 ; probably all such com- 
ets have already come to their perihelia, and conse- 
quently will never return. 
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The ratio of tho forces which fixed the nature of the 
celestial orbits is thus easily explained ; but the circum- 
stances wliich determined these ratios, which caused 
some bodies to move nearly in circles and others to 
wander toward the limits of the solar attraction, and 
which made all the heavenly bodies to rotate and re- 
volve in the same direction, must have had their origin 
in the primeval state of things ; but as it pleases the 
Supreme Intelligence to employ gravitation alone in the 
maintenance of this fair system, it may be presumed to 
have presided at its creation. 



Section XXXVII. 

The Fixed Stars — Their Numbers — Estimation of their Distances and 
Maernitndes from their Light — Stars that have vanished— New Stars — 
Double Stars — Binary and Multiple Systems— Their Orbits and Periods 
— Orbitual and Parallactic Motions — Colors — Proper Motions — General 
Motions of all the Stars — Clusters — Nebulae — Their Number and Fonn» 
— Double and Stellar Nebulae — Nebulous Stars — Planetary Nebulse — 
Constitution of the Nebulne, and Forces which maintain them — Distribu- 
tion — Meteorites — Shooting Stars. 

Great as the number of comets appears to be, it is 
absolutely nothing when compared with the multitude of 
the fixed stars. About 2000 only are visible to the 
naked eye ; but when we view the heavens with a 
telescope, their number seems to be limited only by the 
imperfection of the instrument. In one hour Sir Wil- 
liam Herschel estimated that 50,000 stars passed through 
the field of his telescope, in a zone of the heavens 2° in 
breadth. This, however, was stated as an instance of 
extraordinary crowding ; but, on an average, the whole 
expanse of the heavens must exhibit about a hundred 
millions of fixed stars within the reach of telescopic 
vision. 

The stars are classed according to their apparent 
brightness, and the places of the most remarkable of 
those visible to the naked eye are ascertained with 
great precision, and formed into a catalogue, not only 
for the determination of geographical positions by their 
occnltations, but to serve as points of reference for 
marking the places of comets and other celestial phe- 
Hh 
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nomenft. The whole number of sfan registered amonnts 
to about 160,000 or 200,000. The distance (tf the fixed 
stars- is too great to admit of thefa* exhibiting a sensiUe 
disc ; but in all probability they are sphericu, and must 
certainly be so if graTitatistt per?ades all space, which it 
may be presumed to do,, since Sir John Hendiel has 
shown that 4t extends to the binary systems of stars. 
With a fine telescope the stars appear like a point of 
li|^; their occultstions hf the moon are thereibre 
instantaneous. Their -twiniduig arises from sudden 
changes in the refiractive powers of the ah", which wmdd 
not be sensible if they had discs like the Janets. Thus 
we can learn nothing of the relative distances of the 
stars from us, and from ene another, hv their apparent 
diameters. The annual parallax of all but a very few 
beins insensible, shows we must be more than two 
liundred millions of miBfons of miles at lea^t from them. 
Many of them, how«¥er, must be Tasdy more remote ; 
for of two stars that appear cbse toffeti^rt one mav be 
&r beyond the other in the depth of space. The light 
of Sinus, according to the observations of Sir Jmm 
Herschel, is 324 times greater than that of a star of the 
sixth magaitnde ; if we suppose the two to be really of 
the same size, their distances from us must be in the 
ratio of 57*3 to 1, because light diminishes as the square 
of Che distance of the luminous body increases. 

Nothing is known of the absolute magnitude of the 
fixed stars, but the quantity of light emitted by many 
of them shows that they must be much larger &an the 
sun. Dr. Wollaston determined the approximate ratio 
which the light of a wax candle bears to that of the sun, 
moon, and stars, by comparing their respective images 
reflected from small glass globes filled with mercury, 
whence a comparison was established between the 
quantities of light emitted by the celestial bodies them- 
selves. By this method he found that the light of the 
sun is about twenty millions of millions of times greater 
than that of Sinus, the brightest and one of the nearest 
of the fixed stars. Since the paralltix of Sirius is about 
half n second, its distance from the eaith must be 592,200 
times the distance of the sun from the enrth ; and 
therefore Sirius, placed where the sun is, would appear 
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to us to be 3*7 times as large as the sun, and would give 
13*8 times more light. Many of the fixed stars must be 
infinitely larger than Sirius. 

Many stars have vanished from the heavens; the 
star 42 Virginis seems to be of this number, having been 
missed by Sir John Herschel on the 9th of May, 1828, 
and not again found, though he frequently had occasion 
to observe that part of the heavens. Sometimes stars 
have all at once appeared, shone with a bright light, 
and vanished. Several instances of these temporary 
stars are on record ; a remarkable instance occurred in 
the year 126, which is said to have induced Hipparchus 
to form the first catalogue of stars. Another star ap- 
peared suddenly near a Aquilae in the year 389, which 
▼anished, after remaining for three weeks as bright as 
Venus. On the 10th of October, 1604, a brilliant star 
burst forth in the constellation of Serpentarius, which 
continued visible for a year; and a more recent case 
occurred in the year 1670, when a new star was discov- 
ered in the head of the Swan, which, after becoming 
invisible, reappeared, and having undergone many varia- 
tions in light, vanished after two years, and has never 
since been seen. In 1672 a star was discovered in Cas- 
siopeia, which rapidly increased in brightness till it even 
surpassed that of Jupiter ; it then gradually diminished 
in splendor, and having exhibited all the variety of tints 
that indicate the changes of combustion, vanished sixteen 
months after its discovery, without altering its position. 
It is impossible to imagine anything more tremendous 
than a conflagration that could be visible at such a dis- 
tance. It is however suspected that this star may be 
periodical, and identical with the stars which appeared 
in the years 945 and 1264. There are probably many 
stars which alternately vanish and reappear among the 
innumerable multitudes that spangle the heavens ; the 
periods of several have already been pretty well ascer- 
tained. Of these the most remarkable is the star Omi- 
cron, in the constellation Cetus. It appears about twelve 
times in eleven years, and is of variable brightness, some- 
times appearing like a star of the second magnitude ; 
but it does not always attain the same lustre, nor does 
it increase or diminish by the same degrees. Accord- 



364 ^ VAEIABLE STABS. S»crT. iEXiVH. 

Iing to Heveliusj it did not appear nt all for four years* 
)^ Hydras also vanishes aod reappeurs evmy 494 dajsr _, 
and A vfivy mngnhir instanco of periodicity is given by ■ 
Sir Jobii Herschelt in the star Algal or }J Perseij which " 
is described as retainiog the siks of n star of the second 
luogditu^e for two days and fourteen hours j it then 
Buddenly begins to diminish In splendor, and in about 
three hours and a half is reduced to the size of a star 
of the fourth magultude ; it tlieu begitis aj^iu to ine reuse, 
nnd in three hours and a half more regains its usunl 
t brightness, going thraugh aU these vicissiCiides in two 
days J twenty hours^ and forty-eight miiiutes. a Cosii- 
opeia? is al^^o periodical, aecoruplishlng its ehauges in 226 
_ days I the period of the atiir 34 Cygni is IS years ; and 
I Sir John Herachel boa discovered very suagular varia- 

! tions in the stur t} of tht^ cone^telliitiou Argo. It is sur- 
I rounded by a wonderful nebula, and from & star of little 
more than the second magnitude it suddenly increased 
between the years 1837 aud 1638 to be a first-rate star 
of the first roaguitude* At the latter period it was equml 
m to A returns, and its brilliancy was then so great as to 

obliterate some of the details of the KurroTinding nebula. 
Afterward It decreased to the first magnitude, and then 
began to inereosa again. Sir Johu has also discovered ' 
that a Ononis may now be clRssed among the variable 
and periodic stars, a circumstance the more remarkable, 
as it is one of the conspicuous stars of our hemisphere, 
and yet its changes had never been remarked. The 
inferences Sir John draws from the phenomena of vari- 
able stars are too interesting not to be given in his own 
words. " A periodic change existing to so great an ex- 
tent in so large and brilliant a star as a Ononis, cannot 
- fail to awaken attention to the subject, and to revive the 
consideration of those speculations respecting the possi- 
bility of a change in the lustre of our sun itself which 
were put forth by my father. If there really be a com- 
munity of nature between the sun and fixed stars, every 
proof that we obtain of the extensive prevalence of such 
periodical changes in those remote bodies adds to the 
probability of finding something of the kind nearer home. 
If our sun were ever intrinsically much brighter than at 
present, the mean temperature of the surface of our 
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globe would of course be proportionally greater. I speak 
now not of periodical but secular changes. But the ar- 
gument is complicated with the consideration of the 
possibly imperfect transparency of the celestial spaces, 
and with the cause of that imperfect transparency which 
may be due to material non-luminous particles diffused 
irregularly in patches analogous to nebulae, but of greater 
extent — to cosmical clouds in short — of whose existence 
we have, I think, some indication in the singular and 
apparently capricious phenomena of temporary stars, 
and perhaps in the recent extraordinary sudden increase 
and hardly less sudden diminution of ri Argus." Mr. 
Goodricke has conjectured that the periodical changes 
in the stars may be occasioned by the revolution of some 
opaque body coming between us and the star, and ob- 
structing part of its light. Sir John Herschel is struck 
with the high degree of activity evinced by these changes 
in regions where, "but for such evidences, we might 
conclude all to be lifeless." He observes that our own 
sun requires nine times the period of Algol to perform 
a revolution on its own axis ; while on the other hand, 
the periodic time of an opaque revolving body sufficiently 
large to produce a similar temporary obscuration of the 
sun, seen from a fixed star, would be less than fourteen 
hours. 

Many thousands of stars that seem to be only brilliant 
points, when carefully examined are found to be in 
reality systems of two or more suns, sometimes revolving 
about a common center. These binary and multiple 
stars ai'e extremely remote, requiring the most power- 
ful telescopes to show them separately. The first cat- 
alogue of double stars, in which their places and relative 
positions are determined, was accomplished by the tal- 
ents and industry of Sir William Herschel, to whom 
Astronomy is indebted for so many brilliant discoveries, 
and with whom the idea of their combination in binary 
and multiple systems originated — an idea completely 
established by his own observations, and recently con- 
firmed by those of his son and other astronomers. The 
motions of revolution of many of these stars round a 
common center have been ascertained, and their periods 
determined with considerable accuracy. Some have, 
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maee their irst discovery, already acoomplnhed neari^ 
a wfaole rerolution ; and one, 9 Corona, ia actually eon- 
aiderably advanced in ito second period. These inte- 
reslang systems tfans present a species of sidereal chro- 
nometer, by which the chronology of the heavens wfH 
be marked oat to fntnre ages by epochs of their own, 
liable to no fluctuations £tom such pbnetaiy disturbances 
as take place in our system. 

In observing the relative position of the stars of a bi- 
naiy system, the distance between them, and also the 
angle of position, that is, the ang|e which the meridian 
or a parallel to the equator makes with the line joining 
the two stars, are measured. The different vafaies of 
the angle of position show whether the revolving star 
moves from east to west, or the contraiy ; wfa^her the 
motion be uniform or variable, and at what points it is 
greatest or least. The measures of the distances show 
ii^ether the two stars approach or recede from one 
another. From these the mrm and nature of the orbit 
are determined. Were observations perfectly accurate, 
four values of the angle of position and of the coire- 
spending distances at given epochs would be sufficient 
to assign the form and position of the curve described 
sby the revolving star: this, however, scarcely ever 
happens. The accuracy of each result depends upon 
taking the mean of a great number of the best observa- 
tions, and eliminating eiTor by mutual comparison. The 
distances between the stars are so minute that they can- 
not be measured with the same accuracy as the angles 
of position ; therefore, to determine tho orbit of a star 
independently of the distance, it is necessary to assume 
as the most probable hypothesis, that the stai-s are sub- 
ject to the law of gravitation, and consequently that one 
of the two stars revolves in an ellipse about the other, 
supposed to be at rest, though not necessarily in the fo- 
cus. A curve is thus constructed graphically by means 
of the angles of position and the corresponding times of 
observation. The angular velocities of the stars are 
obtained by drawing tangents to this cuiTe at stated in- 
tervals, whence the apparent distances, or radii vectores, 
of the revolving star become known for each angle of 
position ; because, by the laws of elliptical motion, they 
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are equal to the square roots of the apparent an^lar 
velocities. Now that the angles of position estimated 
from a given line, and the corresponding distances of the 
two stars, are known, another curve mny be driiwn, 
which will represent on paper the actual orbit of the 
star projected on the visible surface of the heavens ; so 
that the elliptical elements of the true orbit and its posi- 
tion in space may be determined by a combined system 
of measurements and computation. But as this. orbit 
has been obtained on the hypothesis that gravitation 
prevails in these distant regions, which could not be 
known a priori^ it must be compaied with as many 
observations as can be obtained, to ascertain how far the 
pomputed ellipse agrees with the curve actually described 
by the star. 

By this process Sir John Herschel has discovered 
that several of these systems of stars are subject to the 
same laws of motion with our system of planets : he has 
determined the elements of their elliptical orbits, and 
computed the periods of their revolution. One of the 
stars of y Virginis revolves about the other in 629 years ; 
the periodic time of a Coronas is 287 years; that of 
Castor is 253 years; that of e Bootes is 1600 ; that of 
70 Ophiuchi is ascertained by Professor Encke to be 80 
years ; Professor Bessel has ascertained the period of 
61 Cygni to be 640 years ; and M. Savary, who has the 
merit of having first determined the elliptical elements 
of the orbit of a binary star from observation, has shown 
that the revolution of C Ursae is completed in 58 years. 
7 Virginis consists of two stars of nearly the same mag< 
nitude. They were so far apart in the beginning and 
middle of the last century, that they were mentioned by 
Bradley and marked in Mayer's catalogue as two distinct 
stars. Now, they are so near to one another, that even 
with good telescopes they look like a single star some- 
what elongated. A seiies of observations, since the 
beginning of the present century, has enabled Sir John 
Herschel to determine the form and position of the el- 
liptical orbit of the revolving star with extraordinaiy 
truth. According to his computation, it must have ar- 
rived at its perihelion on the 18th of August of the' year 
1 834. The actual proximity of the two stars must then 



have been extreme, nnd the upparent angular velocity 

feo great tlmt it might have described an aagie of 66^ la 
a smgle jear, Obsorvatk>Ds made at tlie Cap© of Good 
Hope, by Sir Joba HeiiscbeU as well as thasa of Captain 
Smyth, R. N.» at home, correspond in proving an aug- 
mentation of velocity as th<? star was approaching its 
shortest distance froai its primary. By the laws of el- 
liptical motioa, the angular velocity of the revolving star 
niuslhnow gradaally dimioiah, till it coaies to its aphelioa 
some 314 years heace. The gatellite star of u Coronas 
attained its perihelion m 1835, and that of Castor wiU do 
the same some time in 1855, 

• It sometimes happens that tlie ed^e of the orbit of a 
revolving atar is presented to the earth, as in ?r JSerpon- 
tarii. Then the star seems to move in a straight line, 
and to osciUate on each side of its primary, F'tvtj ob- 
seiTations are requisite in this case for tho do termina- 
tion of its orbit, provided they be accurate. At the time 
Sir William Herschel obsen^od the system in quej^tion, 
the two stars wei-e distinctly separate i at present, one 
hi so completely projected on the other, that M. Stnive, 
with his great telescope, cannot perceive the smallest 
separation. On the contrary, tho two stm-a of C Orionis, 
which appeared to be one in the time of Sir AVi Ilium 
Herschel, are now separated. Were this libration ovying 
to parallax, it would be annual, from the revolution of the 
earth ; but as years elapse before it amounts to a sensi- 
ble quantity, it can only arise from a real orbitual motion 
seen obliquely. Among the triple stars, two of the stars of 
C Cancri revolve about the third. There are also quadru- 
ple stars, and there are even assemblages of five and six 
stars, as 6 and a of Orion. It is remarked that, in gen- 
eral, the ellipses in which the revolving stars of binary 
systems move, are much more elongated than the orbits 
of the planets. Sir John Herschel, Sir James South, 
and Professor Struve of Dorpat, have increased Sir 
William Herschel's original catalogue of double stars to 
more than 6000, of which thirty or forty are known to 
form revolving or binaiy systems ; and Mr. Dunlop has 
formed a catalogue of 253 double stars in the southern 
hemisphere. To this Sir John Herschel has added 
many ; but he has found that the southern hemisphere 
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is poorer than the northern in close double stars above 
the tenth magnitude. He observes, that if Mr. Dunlop's 
measures can be depended upon, 6 Eridani is perhaps 
the most remarkable of all the binary systems in the 
heavens. The revolution of the satellite star being at 
the rate of 10°'G7 per annum, it consequently must 
accomplish a revolution in a little more than thirty years. 
The motion of Mercury is more rapid than that of any 
other planet, being at the rate of 107,000 miles an hour ; 
the perihelion velocity of the comet of 1680 was no less 
than 880,000 miles an hour ; but if the two stars of 6 
Eridani or f Urs» be as remote from one another as the 
nearest fixed star is from the sun, the velocity of the 
revolving stars must exceed the powers of imagination. 
The discovery of the elliptical motion of the double stars 
excites the highest interest, since it shows that gravita- 
tion is not peculiar to our system of planets, but that 
systems of suns in the &r distant regions of the uni- 
verse are also obedient to its laws. 

Besides revolutions about one another, some of the 
binary systems are carried forward in space by a motion 
comhion to both stars, toward some unknown point in 
the firmament. The two stars of 61 Cygni, which are 
nearly equal, and have remained at the distance of about 
16'' from each other for fifty years, have changed their 
place in the heavens during that period, by 4' 23'% with 
a motion which for ages must appear rectilinear : be- 
cause, even if the path be curved, so small a portion of 
it must appear a straight line to us. The single stars 
also have proper motions, yet so minute that the trans- 
lation of ^ CassiopeiiB, of 3"*74 annually, is the greatest 
yet observed : but the enormous distances of the stars 
make motions appear small to us which are in reality 
▼ery great. Sir William Herschel conceived that, 
among many irregularities, the motions of the stars have 
a general tendency toward a point diametrically oppo- 
site to that occupied by the star C Herculis, which he 
attributed to a motion of the solar system in the contrary 
direction. Should this really be the case, the stars, 
from the effects of i)er8pective alone, would seem to 
diverge in the direction to which we are tending, and 
would apparently converge in the space we leave, and 
24 
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I thero woultl be a i-^^alarity in these nppftrent raotiotia 

' which wouid m lime bp detected ; but if the solar sys- 

I tern and the whole of the stnrs viisibl© to us be cai*ried 

^ forwiird in spnce by w ritotioii common to iillnr hke ships 

I drifting iij fi current, it would l?e iin possible for iis^ 

ij iDoviug with the reatt to uscertRJn its direction. There 

■^ can be no doubt of the progi'essive motion of the suti aud 

atar@, but sidereal iistrouonij i;^ not far enough advanced 

to determine what relationg these tiear to one another ; 

it wdl however be known in the course of time from the 

* orbits of the revolving stiirs of the binary sy •sterns. For 

if the solm- ajslctn bo ixi motion, soni*5 of the stellar 

orbits which, by the effects of perspective, nppe^r to oji 

to be gtmight lilies, will, after a time, open and become 

elliptical bj our cbmige of pkco ; whilfs others which 

now TippBiir to be open will close, or open wider ; sturs 

, also which now occullatfi, or hide one another in certain 

points of their orbits, will, in time, ceaise to do so. The 

directions and raagpitudo of these changes will no doubt 

show the motion of our j^ystem, to what point it is teod^ 

ing, and the velocity with which it moves. 

Among the multitadea of small stars, whether double 
or insulated, a f e^ are found near enough to exhibit 
distinct parallactic motions, arising from the rerolutioB 
of the earth in its orbit. Of two stars .apparently in 
close approximation, one may be far behind the other in 
space. These may seem near to one another when 
viewed from the earth in one part of its orbit, but may 
separate widely when seen from the earth in another 
position, just as two terrestrial objects appear to be one 
when viewed in the same straight line, but separate as 
the observer changes his position. In this case the stars 
would not have real, but only apparent motion. One of 
them would seem to oscillate annually to and fro in a 
straight line on each side of the other — a motion which 
could not be mistaken for that of a binary system, 
where one star describes an ellipse about the other, or, 
if the edge of the orbit be turned toward the earth, 
where the oscillations require years for their accom- 
plishment. 

This method of finding the distances of the fixed stars 
was proposed by Galileo, and attempted by Dr. Long 
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without success. Sir William Herschel afterward ap- 
plied it to some of the binary groups ; and though he 
did not find the thing he sought for, it led to the dis- 
covery of the orbitual motions* of the double stars. 

Though the absolute distance of most of the stars is 
still a desideratum, a limit has been found under which, 
probably, none of them come. It was natural to sup- 
pose that in general the large stars are nearer to the 
earth than the small ones ; but there is now reason to 
believe that some stars, though by no means brilliant, 
are nearer to us than others which shine with greater 
splendor. This is inferred from the comparative ve- 
locity of their motions. All the stars have a general 
motion of translation, which tends ultimately to mix the 
stars of the different constellations, but none that we 
know of moves so rapidly as 61 Cygni; and on that 
account it is reckoned to be nearer to us than any 
other, for an object seems to move more quickly the 
nearer we are to it. This circumstance induced MM. 
Arago and Mathieu to endeavor to determine its an- 
nual parallax, that is, to ascertain what magnitude the di- 
ameter of the earth's orbit would have as seen from the 
star, and from that to compute its distance from the 
earth (N. 223). This has been accomplished with more 
accuracy by M. Bessel, who has found by observation, 
that the diameter of the earth's orbit of 190 millions of 
miles would be seen from the star under an angle of 
only one-third of a second, whence 61 Cygni must be 
592,200 times faither from the earth than the sun is, 
— a distance which light, flying at the rate of 190,000 
miles in a second, would not pass over in less than 
nine years and three months. 

The apparent motion of five seconds annually which 
this star has, seems to us to be exti-emely small, but at that 
distance an angle of one second con-esponds to twenty- 
four millions of millions of miles ; consequently the an- 
nual motion of 61 Cygni is one hundred and twenty 
millions of millions of miles, and yet, as M. Arago ob- 
serves, we call it a fixed star ! 

From the observations of Professor Henderson it ap- ' 
pears that Sirius, the brightest star in the heavens, has 
a parallax of less than t£e third of a second ; conse- 



DISTANCE OK ]|[J^ AftY gVBTEMll. gicr. 3£X£Y1U ] 

f|ut'iirly it m nt a greater dbliujce ihan 61 Cygul: tbat 
of a CeJiliiuri iimoiiutfei tu ft secoiid of space, so tbat it La 
neiirer tlie earrii thna any stur tlmt is known ; whereni 
Mn Airy baa foujid tbnt 4be piaiallax of" Lyra? ii al- 
together ioappreciubUi ; and as t bm is jreneraliy the case 
wiUi tht* Ji?ted stai^i we may cttuclude that their di5- 
tAuoes are beyond the hope of tn^aiiiaiDtioa- 

All the ordiiitiiy methods lail when the dtstaoces are 
so enormous. An BUgle evtni of two or three fcecoudst 
viewed ill the focu^ of our largeBt leJescop^s, does uot 
equal the thickness of a spider's thread, which itiflkes it 
itupossibW to measure such minute quantities vvitJii tiny 
degi-ee of accurrtcy. lu some cases, howover, the bl- 
nary systems of Htai's furiush a mt*tliod of estiniating au 
angle of even the teath of a second, which is thirty 
times more accurate than by any other means. From 
fheiu the actual distances of soiiio of tho more remote 
stjirs will ultimately be known. 

Suppose that one star revolves about auotber in nu 
orbit which is so obliquely seen fi-om th® earth aa to 
look like an elbpse in a horizontal position^ then it m 
clear that one tiulf of the orbit will be nearer to us thaa 
the other half. Now, in consequence of the time which 
light takes to travel, we always *iee the satellite ^twc m 
a place which it baa ab^eady left. Hence when th.it 
stiir ijets out fnmi rho point of its orbit which is nejti cit 
to us, its light will take more and more time to come to 
us in proportion as the star moves round to the mqst 
distant point in its orbit. On that account the star will 
appear to us to take more time in moving through that 
half of its orbit than it really does. Exactly the con- 
trary takes place in the otJier half: for the light will 
take less and less time to arrive at the earth in propor- 
tion as the star approaches nearer to us, and therefore 
it will seem to move through this half of its orbit in less 
time than it really does. This circumstance furnishes 
the means of finding the absolute breadth of the orbit in 
miles, and from that the true distance of the star from 
the earth. For, since the greatest and least distances 
of the satellite star from the earth differ by the breadth 
of its orbit, the time which the star takes to move from, 
the nearest to tk^ ijeiootest point; of itsorbiftis greater than 
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it ought to be, by the whole time its light takes to cross 
the orbit, and the period of moving through the other 
half is exactly as much less. Hence the difference be- 
tween the observed times of these two semi-revolutions 
of the star is equal to twice the time that its light em- 
ploys to cross its orbit ; and as we know the velocity of 
light, the diameter of the orbit may be found in miles, 
and from that its whole dimensions. For the position of 
the orbit with regard to us is known by observation, as 
well as the place, inclination, and apparent magnitude 
of its major axis, or, which is the same thing, the angle 
under which it is seen from the earth. Since, then, 
tiiree things are known in this great triangle, namely, 
the base or major axis of the orbit in miles, the angle 
opposite to it at the earth, and the angle it makes with 
the visual ray ; the distance of the satellite star from the 
earth may be found by the most simple of calculations. 
The merit of having first proposed this very ingenious 
method of finding the distances of the stars is due to M. 
Savary ; but unfortunately it is not of general application, 
as it depends upon the position of the orbit, and even 
then a long time must elapse before obseiTation can fur- 
nish data, since the shortest period of any revolving star 
that we know of is thirty years : still the distances of a 
vast number of stars may be ultimately made out in this 
way ; and as one important discovery almost always leads 
to another, their masses may thus be weighed against 
that of the earth or sun. 

The only data employed for finding the mass of the 
earth, "as compared with that of the sun, are the angular 
motion of our globe round the sun in a second of time, 
and the distance of the earth from the sun in miles (N. 
224). Now by the observations of the binary systems, 
we know the angular velocity of the small star round 
the great one ; and when we know the distance between 
the two stars in miles, it will be easy to compute how 
many miles the small star would fall through by the at- 
traction of the great one in a second of time. A compar- 
ison of this space with the space which the earth would 
descend through in a second toward the sun, will give 
the ratio of the mass of the great star to that of the sun 
or earth. 

Ii 
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If it be cousidered that all the doublo stars appear sin- 
gle to the nuked eje> anti witb ordioary instruments, 
and thnc it requires the highest powers of the very beet 
telescopea to sepamto the greater number of them, the 
extreme beauty of the ingermity tktid refraetion necessary 
to draw such profound roi^ulta from their motions may 
he in »ome degi'ee appreciated. 

The doablo stars are of various hues, but they mosl 
frequently exhibit the contrasted colors. The large st^r 
is generally yellow, orange, or red ; and the amali star 
blue, purple, or ^eeo. Sometimes a white star is com- 
bined with a bine or purple ^ a>id more mrely a ri^d and 
white are united. In luaoy cases, these appearances 
are due to Ihe inJluence at cootrast on our judgment; of 
colors. For example, in observing a double star, whem 
the largo one is a full nihj red, or almost blood color, 
and rho small ono a fine green, the larter loses its color 
when the former is hid by the cmss wires of the tele- 
scope. But there are avast number of instances where 
the colors are too sti-^ongiy marked to be merely imagi- 
nary. Sir John Hcrschel oh serves in one of his papers 
in the Philosophical Transactions, m a very remarkable 
fact^ that, although red Btars are common enough^ no 
example of ii soJitaty blue, green, or purple one has yet 
been produced. 

The stars are scattered very irregularly over the fir- 
mament. In some places they are crowded together, in 
others thinly dispersed. A few groups more closely 
cqndensed form very beautiful objects even to the naked 
eye, of which the Pleiades and the constellation* Coma 
Berenices are the most striking examples; but the 
greater number of these clusters of stars appear to un- 
assisted vision like thin white clouds or vapor : such 
is the milky way, which, as Sir William Herschel has 
proved, derives itii brightness from the diffused light of 
the myriads of stars that form it. Most of these stars 
appear to be extremely small, on account of their enor- 
mous distances ; and they are so numerous, that, ac- 
cording to his estimation, no fewer than 50,000 passed 
through the field of his telescope in the course of one 
hour in a zone 2° broad. This singular portion of the 
heavens, constituting part of our firmament, Consists of 
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an exteDsive mass of stars, whose thickness is small com- 
pared with its length and breadth ; the earth is placed 
near the point where it diverges into two branches, and 
it appears to be much more splendid in the Southern 
hemisphere than in the Northern. Sir John Herschel 
says, ** The general aspect of the Southern circumpolar 
regions (including in that expression 60° or 70° of South 
polar distance) is in a high degree rich and magnificent, 
owing to the superior brilliancy and large development 
of the milky way, which, from the constellation of Orion 
to that of AntinoOs, is a bJaze of light, strangely in- 
terrupted, however, with vacant and entirely starless 
patches, especially in Scorpio, near Alpha Centauri and 
the Cross, while to the north it fades away pale and 
dim, and is in comparison hardly traceable. I think it is 
impossible to view this splendid zone, with the astonish- 
ingly rich and evenly distributed fringe of stars of the 
3rd and 4th magnitude, which forms a broad skirt to its 
southern border like a vast curtain, without an impres- 
sion amounting almost to conviction, that the milky way 
is not a mere stratum, but annular, or at least that our 
system is placed within one of the poorer or almost 
vacant parts of its general mass, and that eccentrically, so 
as to be much nearer to the region about the Cross, than 
to that diametrically opposite to it." The cluster, of 
which our sun is a member, and which includes the 
milky way, and all the stars that adorn our sky, must be 
of enormous extent, since the sun is more than two hun- 
dred thousand times farther from the nearest of them 
than he is from the earth ; and the other stars, though 
apparently so close together, are probably separated from 
one another by distances equally great. In the intervals 
between the stars of our own system and far in the depths 
of space, many clusters of stars may be seen like white 
clouds or i-ound comets without tails, either by unassisted 
vision or with ordinary telescopes ; but, seen with pow- 
erful instruments. Sir John Herschel describes them as 
conveying the idea of a globular space insulated in the 
heavens and filled full of stars, constituting a family or 
society apart from the rest, subject only to its own in- 
ternal laws. To attempt to count the stars in one of 
these globular clusters, he says, would be a vain task, — 
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that they are not to be reckoned by hundreds : — on a 
rou^ computation, it appears that many clusters of this 
description must contain ten or twenty thousand stars 
compacted and wedged together in a round space, 
whose area is not more than a tenth part of that covered 
by the moon ; so that its center, where the stars are 
seen projected on each other, is one blaze of light 
(N. 225). If each of these stars be a sun, and if they 
be sepaitited by intei-vals equal to that which separates 
our sun from the nearest fixed star, the distance which 
renders the whole cluster barely visible to the naked eye 
must be so great, that the existence of this splendid as- 
semblage can only be known to us by light which must 
have left it at least a thousand years ago. Occasionally 
clusters are so irregular and so undefined in their outline 
as merely to suggest the idea of a ncher part of the 
heavens. These contain fewer stars than ^e globular 
clusters, and sometimes a red star forms a conspicuous 
object among them. Sir William Herschel regarded 
them as the rudiments of globular clusters in a less ad- 
vanced state of condensation, but tending to that form 
by their mutaal attraction. 

Multitudes of nebulous spots are to be seen on the 
clear vault of heaven, which have every appearance of 
being clusters Jike those described, but are too distant to 
be resolved into stars by the most excellent telescopes. 
Vast numbers also appear to be matter in the highest 
possible degiee of rarefaction, giving no indication what- 
ever of a stellar nature. These are in every state of 
condensation, from a vague film hai*dJy to be discerned 
with telescopes of the highest powers, to such as seem 
to have actually arrived at a solid nucleus. This nebu- 
lous matter exists in vast abundance in space. No 
fewer than 2000 nebuJje and clusters of stars wore ob- 
served by Sir William Herschel, whose places have 
been computed from his observations, reduced to a com- 
mon epoch, and ai-ranged into a catalogue in order of 
right ascension by his sister, Miss Caroline Herschel, a 
lady eminent for astronomical knowledge and discovery. 
Six or seven hundred nebulae have already been ascer- 
tained in the southern hemisphere ; of these the Ma- 
gellanic clouds are the most remarkable. The nature 
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and use of this nebulous matter, scattered over the 
heavens in such a variety of forms, is involved in the 
greatest obscurity. That it is a self-himinous, phos- 
phorescent, material substance, in a highly dilated or 
gaseous state, but gradually subsiding by the mutual 
gravitation of its particles into stars and sidereal Hystems, 
is the hypothesis most generally received. And indeed 
Ms is the hypothesis of La Place with regard to the 
origin of the solar system, which he conceived to be 
formed by the successive condcmsations of a nebula, 
whose primeval rotation is still maintained in the rota- 
tion and revolution of the sun and all the bodies of the 
solar system in the same direction. Kven at this day 
there is presumptive evidence in the structure and in- 
ternal heat of the earth, of its having been at one period 
in a gaseous state from intensely high temperature. 
But the only way tliat any real knowledge on this mys- 
terious subject can be obtained is by the determination 
of the form, place, and present state of each individual 
nebula ; and a comparison of these with future observa- 
tions will show generations to come the changes that 
may now be going on in these supposed rudiments of 
future systems. With this view. Sir John Herschel 
began in the yeai* 1825 the ai'duous and pious task of 
revising his illustrious father's observations, which he 
finished a short time before he sailed for the Cape of 
Good Hope, in order to disclose the mysteries of the 
southern hemisphere ; indeed, our firmament seems to 
be exhausted till farther improvements in the telescope 
shall enable astronomers to penetrate deeper into space. 
In a truly splendid paper read before the Royal Society 
on the 21st of November, 1833, he gives the places of 
2500 nebulas and clusters of stars. Of these 500 are 
new, — the rest he mentions with peculiar pleasure as 
having been most accurately determined by his father. 
This work is the more extraordinary, as from bad 
weather, fogs, twilight, and moonlight, these shadowy 
appearances are not visible, on an average, in England, 
above thirty nights in the year. 

The nebulae have great variety of forms. Vast multi- 
tudes are so faint as to be with difficulty discerned at all 
till they have been for some time in the field of tho 
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telescope, or are just about to quit it. Occasionally 
they are so vague that the eye is coDscious of some- 
thing, without being able to define what it is : but the 
unchangeableness of its position proves that it is a real 
object. Maoy present a large ill-defined surface, in 
which it is difficult to say where the center of the 
greatest brightness is. Some cling to stars like wisps of 
cloud ; others exhibit the wonderful appearance of an 
enormous flat ring seen very obliquely, with a lenticular 
vacancy in the center (N. 226). A very remarkable in- 
stance of an annular nebula is to be seen exactly half- 
way between /3 and y Lyrae. It is elliptical in the ratio 
of 4 to 5, and is sharply defined, the internal opening oc- 
cupying about half the diameter. This opening is not 
entirely dark, but filled up with a faint hazy light, aptly 
compared by Sir John Herschel to fine gauze stretched 
over a hoop (N. 227). There is a very remarkable 
nebula in Orion, in which there is some reason to believe 
that a new star has recently appeared. Two nebulae 
are described as most amazing objects : — One like a 
dumb-bell or hour-glass of bright matter, surrounded by 
a thin hazy atmosphere, so as to give the whole an oval 
form, or the appearance of an oblate spheroid. This 
phenomenon bears no resemblance to any known object 
(N. 228). The other consists of a bright round nucleus, 
surrounded at a distance by a nebulous ring split through 
half itj^ circumference, and having the split portions sep- 
arated at an angle of 45° each to the plane of the other. 
This nebula benrs a strong similitude to the milky way, 
and suggested to Sir John Herschel the idea of a 
** brother system bearing a real physical resemblance 
and strong analoiry of structure to our own" (N. 229). 
It appears that double nebulae are not unfrequent, ex- 
hibiting all the varieties of distance, position, and relative 
brightness with their counterparts the double stars. The 
rarity of single nebula? as large, faint, and as little con- 
densed in the center as these, makes it very improbable 
that two such bodies should bo accidentally so near as 
to touch, and often in part to overlap each other, as these 
do. It is much more likely that they constitute systems ; 
and if so, it will form an interesting subject of future in- 
quiry to discover whether they possess orbitual motion. 
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Stellar nebuloB form another class. These have a 
round or oval shape, increasing in density toward the 
center. Sometimes the matter is so rapidly condensed 
as to give the whole the appearance of a star with a blur, 
or like a candle shining through horn. In some in- 
stances the central matter is so highly and suddenly 
condensed, so vivid and sharply defined, that the nebula 
might be taken for a bright star surrounded by a thin 
atmosphere. Such are nebulous stars. The zodiacal 
light, or lenticular-shaped atmosphere of the sun, which 
may be seen extending beyond the orbits of Mercury 
and Venus soon after sunset in the months of April and 
May, is supposed to be a condensation of the ethereal 
medium by his attractive force, and seems to place our 
sun among the class of stellar nebula;. The stellar neb- 
ulae and nebulous stars assume all degrees of ellipticity. 
Not unfrequently they are long and narrow, like a 
spindle-shaped ray, with a bright nucleus in the center 
(N. 230). The last class mentioned by Sir John Her- 
schel are the planetary nebulae. These bodies have 
exactly the appearance of planets, with sensibly round 
or oval discs, sometimes sharply terminated, at other 
times hazy and ill-defined. Their surface, which is 
blue or bluish white, is equable or slightly mottled, and 
their light occasionally rivals that of the planets in vivid- 
ness. They are generally attended by minute stars, 
which give the idea of accompanying satellites. These 
nebulae are of enormous dimensions. One of them near 
V Aquarii has a sensible diameter of about 20", and 
another presents a diameter of 12". Sir John Her- 
schel has computed that, if these objects be as far from 
lis as the stars, their real magnitude, on the lowest esti- 
mation, must be such as would fill the orbit of Uranus. 
He concludes that, if they be solid bodies of a solar 
nature, their intrinsic splendor must be greatly inferior 
to that of the sun, because a circular portion of the sun's 
disc, subtending an angle of 20'', would give a light 
equal to that of a hundred full moons ; while on the 
contrary, the objects in question are hardly, if at all, 
visible to the naked eye. From the uniformity of 
the discs of the planetary nebulae, and their want of 
apparent condensation, he presumes that they may 
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bo hollow shells, only emitting light from their sur- 
faces. 

The existence of every degree of ellipticity in the 
nebulae — from long lenticular rays to the exact circular 
form — and of every shade of central condensation — ^from 
the slightest increase of density to apparently a solid 
nucleus — may be accounted for by supposing the general 
constitutions of these nebulae to be that of oblate sphe- 
roidal masses of every degree of flatness, from the 
sphere to the disc, and of every variety in their density 
and ellipticity toward the center. It would be errone- 
ous, however, to imagine that the forms of these sys- 
tems are maintained by forces identical with those 
already described, which determine the form of a fluid 
mass in rotation ; because, if the nebula be only clus- 
ters of separate stars, as in the greater number of cases 
there is every reason to believe them to be, no pressure 
can be propagated through them. Consequently, since 
no general rotation of such a system as one mass can 
be supposed, it may be conceived to be a quiescent form, 
comprising within its limits an indefinite multitude of 
stars, each of which may be moving in an orbit about 
the common center of the whole, in virtue of a law of 
internal gravitation resulting from the compound gravi- 
tation of all its parts. Sir John Herschel has proved 
that the existence of such a system is not inconsistent 
witli the law of gi-avitation under certain conditions. 

The distribution of the nebulae over the heavens is 
even more iiTegular than that of the stars. In some 
places they are so crowded to<;ether as scarcely to allow 
one to pass through the field of the telescope before 
another appears, while in other parts hours elapse with- 
out a single nebula occurring. They are in general only 
to be seen with the very best telescopes, and are most 
abundant in a zone whose general direction is not far 
from the hour circles 0'' and 12'S and which crosses the 
milky way nearly at right angles. Where that zone 
crosses the constellations Virgo, Coma Berenices, and 
the (rreat Bear, they are to be found in nmltitudes. 

Such is a brief account of the discoveries contained 
in Sir John Herschel's paper, which, for sublimity of 
views and patient investigation, has not been surpassed. 
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To him and to Sir William Herschel we owe almost all 
that is known of sidereal astronomy : and in the inimi- 
table works of that highly gifted father and son, the 
reader will find this subject treated of in a style alto- 
gether worthy of it, and of them. 

Sir John Herschel has discovered some new and 
wonderful objects in the southern hemisphere. Among 
others a beautiful planetary nebula, having a perfectly 
sharp, well defined disc of uniform brightness, exactly 
like a small planet with a satellite near its edge. Another 
is mentioned as being very extraordinary from its blue 
tint ; but by far the most singulai* is a close double star 
centrally involved in a nebulous atmosphere. 

So numerous are the objects which meet our view in 
the heavens, that we cannot imagine a part of space 
where some light would not strike the eye ; — ^innumera- 
ble stars, thousands of double and multiple systems, clus- 
ters in one blaze with their tens of thousands of stars, 
and the nebulae amazing us by the strangeness of their 
forms and the incomprehensibility of their nature, till at 
last, from the limit of our senses, even these thin and airy 
phantoms vanish in the distance. If such remote bodies 
shone by reflected light, we should be unconscious of 
their existence. Each star must then be a sun, and may 
be presumed to have its system of planets, satellites, 
and comets, like our own; and, for aught we know, 
myriads of bodies may be wandering in space unseen 
by us, of whose nature we can form no idea, and still 
less of the part they perform in the economy of the 
universe. Even in our own system, or at its farthest 
limits, minute bodies may be revolving like the new 
planets, which are so smaU that their masses have hith- 
erto been inappreciable, and there may be many still 
smaller. Nor is this an unwarranted presumption; 
many such do come within the sphere of the earth's 
attraction, are ignited by the velocity with which they 
pass through the atmosphere, and are precipitated with 
great violence on the earth. The fall of meteoric stones 
is much more frequent than is generally believed. 
Hardly a year passes without some instances occurring ; 
and if it be considered that only a small part of the earth 
is inhabited^ it may be presumed that numbers fell in 



the oceaO} ur on. the uninhabited part of ibe land, un^ 
seen by man- Tboy are somPlimes of greitt magnitude ; 
the voluuie of fievei^l bus exceeded tliat of the planet 
C&Tvm^ which is about 70 miles m diameter* One ivhich 
parsed within ^Tj miles of us was estimated to weigh 
about ^00,000 ton^f and to move with a velocity of iibout 
20 iTiiiea in a aeeond— a fragment of it alone reached 
the earth. The oblii|nity of tiie desjcent of meteorites, 
the peculiar sub stances they are cora[Kised of, and the 
explosion accompanying their fall, show that they are 
foieigu to our *ysiem. Luminous spots, altogether in- 
dependent of the pha&e.'^H, have oi^tmionally appeared on 
the dark part of the moon ; these have been ascribed to 
the light arisjog from the eruption of volcanos ; whence 
it has been supposed that rafrteori tea have been pTojected 
from thti moan by the tin pet as of volcafiic eruption* It 
has even been computed, that if a sti*ue were projected 
from the inoou in a vertical lino, witJi an initial velocity 
of 10,99'^ leet iu a second^ more than four times the 
velocity of a ball when iirst diacharged from a cannon — 
iufiteiid of falling back to the moon by the attmction of 
gravity, it wonld conie within the sphere of the ourih's 
attraction, and revolve about it Jike a satellite, Tbese 
bodies, impelled either by the iliraction of the primitive 
impulse, or by the distuibiog action of the sun, mt^ht 
ultimately pooeti-ate the earth's atmosphere, and arrive 
at its surface, but it is much more probable that they 
are asteroids revolving about the sun, and diverted from 
their course by some disturbing force ; at all events, 
they must have a common origin, from the uniformity 
— we may almost say identity — of their chemica] com- 
position. 

Shooting stars and meteors differ from aerolites in 
several respects. They burst from the clear azure sky, 
and darting along the heavens, are extinguished without 
leaving any residuum, except a vapor-like smoke, and 
generally without noise. Their parallax shows them 
to be very high in the atmosphere, sometimes even be- 
yond its supposed limit, and the direction of their motion 
is for the most part diametrically opposite to the motion 
of the earth in its orbit. The astonishing multitudes of 
shooting stars and fire-balls that have appeared within 
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these few years at stated periods over the American 
cootineDt, and other parts of the globe, warrant the con- 
clusion that there is either a nebula, or that there are 
myriads of bodies revolving in groups round the sun 
which only become visible when inflamed by entering 
our atmosphere. 

One of these nebulae or groups seems to meet the 
earth in its annual revolution on the 12th and 13th of 
November. 

On the morning of the 12th of November, 1799, 
thousands of shooting stars, mixed with large meteors, 
iUuminated the heavens for many hours over the whole 
continent of America, from Brazil to Labrador : it ex- 
tended to Greenland, and even Germany. Meteoric 
showers were seen off the coast of Spain, and in the 
Ohio country, on the morning of the 13th of No- 
vember, 1831 ; and during many hours on the morning 
of the 13th November, 1832, prodigious multitudes of 
shooting stars and meteors fell at Mocha on the Red 
Sea, in the Atlantic, in Switzerland, and at many places 
in En^and. But by much the most splendid meteoric 
shower on record began at nine o'clock in the evening 
of the 12th of November, 1833, and lasted till sunrise 
next morning. It extended from Niagara and the 
northern lakes of America to the south of Jamaica, and 
from 61° of longitude in the Atlantic to 100° of longi- 
tude in central Mexico. Shooting stars and meteors, of 
the apparent size of Jupiter, Venus, and even the full 
moon, darted in myriads toward the horizon, as if every 
star in the heavens had started from their spheres. 
They are described as having been frequent as flakes of 
snow in a snow-storm, and to have been seen with equal 
brilliancy over the greater part of the continent of 
North America. 

Those who witnessed this grand spectacle were sur- 
prised to see that every one of the luminous bodies, 
without exception, moved in lines which converged in 
one point in the heavens : none of them started from 
that point; but then* paths, when traced backward, 
met in it like rays in a focus, and the manner of their 
fall showed that they descended from it in nearly paral- 
lel straight lines toward the earth. 
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By far the mast extmordiuary part i>i" the whole plie-fl 
Doiueuon m that Xhm mdiaat |>oiu.t wiia t»bse<rvt.^(l tcj 
maiii itationJirj' near th*? hiar y Leotiis for more tli;in 
two hours aud a half, wbich proved the sou ret? of the 
meteoric shower to be aJ together i ode pendent of tlio 
earth's rotatiou, and its j>ai'alkix showed ie to bo ftir 
ftbo^e tbe atmosphere. 

As a body coaM oot be actually at re&t ia that por- 
tion, the group or aebulii txiust either hfive been moving 
round the aarth or the »un» Had it beeu iTiovm|r aboxit 
I tiio earth T tlio course of the meteoi"^ weiiUi have been 
angeutial to its surface^ whereas they fell alruoat per- 
^pendicuUirly^ so that the earth m iti* annual revolutioa 
must have loet with the group. The bodies or the 
parts of the nebula that were uearfiat mu§t have been 
attmcted toward the earth by ita gravity, and as they 
were eatlraated to move at th*9 rate of iburteen inilea in 
ti socondt they must have taken fire on entering our 
atmosphera» and been consmued m their pasaage throuigh 
it- 

As all the circumatatices of the pbeuonienoa were 
similar on the same day and during the Ba^te hours in 
1832t aod as ejctraordijiary dights of shooting stars were 
aeeo at many places both hi Europe and America on 
the i;jth of November, 1834, 1836, and 1836, tending 
also from a fixed {x>iut in the conutehatiou Leo^ it haa 
been conje€tuj-ed, with nioch npparent probability, that 
this nebula or gi"oiJip of bodies perfonua its revolution 
round the gun in a period of about 182 days, in au ellip- 
tical orbit, whose uMJor axis is 119 millions of miles; 
and that its aphelion diistajico, where it comes in contact 
with the earth's atmosphere, la about 95 miUiona of 
mileg^ or ncmly tlio sauje with the mean distance of 
the earth from the sun. This body must have met 
with disturbances after 1799, which prevented it from 
encountering the earth for 32 years, and it may again 
deviate from its path fi-om the same cause. 

As early as the year 1833, Professor Olmsted, of 
Yale College in the United States of America, had con- 
jectured that the phenomenon of shooting stars origi- 
nated in the zodiacal light, and bis subsequent observa- 
tions, continued for three successive years, have teiided 
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to confirin him iir this opinion. He agrees with La 
Place in thinking that the zodiacal light is a nebulous 
body, revolFiog in the plane of the solar equator. In 
fact, this light stretches beyond the earth's orbit, making 
an angle of about 7i° with the plane of the ecliptic, and 
according to observation, it is sometimes seen in the 
dawn, and sometimes in tlie twilight, like an inferior 
planet. It was seen by Professor Olmsted for several 
weeks previous to the 13th of November, in the morn- 
ing dawn, with an elongation (N. 231) of from 60° to 
90° west of the sun. It then by degrees withdrew from 
the morning sky, and appeared in the evenings imme- 
diately after twilight, rising like a pyramid through the 
constellations Capricornus and Aquarius, to an elonga- 
tion of more than 90° eastward of the sun. A change 
like this taking place annually about the 13th of Novem- 
ber, has led the Professor to believe that it is to the 
zodiacal light we are indebted for those splendid exhibi- 
tions of failing stars which take place at that season. 

The orbit already described is that which he formerly 
assigned to this nebulous or cometary body, but he is 
now of opinion that it has a period of something less 
than a year, which would not only account for the shoot- 
ing stars of the 13th of November, but would also ac- 
count fcH: those that happen at all seasons, and for some 
very great showers of them that have taken place on 
two occasions near the end of April. In the position 
assigned to this orbit by Professor Olmsted, showers of 
shooting steu^ may happen in November and April. 
Since the last edition of this book a very able memoir 
has been published by M. Biot, in which that great 
philosopher shows that in his opinion also, meteoric 
showers are owing to the zodiacal light coming into pe- 
riodic contact with the atmosphere of the earth. Which 
of these conjectures may be nearest the truth time alone 
can show ; but certain it is that the recurrence of this 
phenomenon at the same season for seven successive 
years proves that it can arise from no accidental cause. 
25 Kk 
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DiflTnaioii of Mflrtor throufh Spnce— Gm?;t»titm — ^Its YrfsjcItj-cSitniili^ty 
Ijf itt LawiB — fiiravitahoii iadapciiatlent tif the Magus hidfl Jim! Disiaii-cs oif 
ihc Bii4i«» — Not Liapc':id«d b^ the intorvcuLicm of luiy Snbfftftnce — lU 
|Qtoii9]ty iiivarifltile^Gpncnil Lawu — Rec^piiuJaiioDi uid CoucSu^qu. 

The Rdowh quantity of matter bears r verj small pro- 
portion tit the immonaity of space. Large? as dm bodies 
are^ the dLst^iQces which separate them are immea^iint- 
bly greater ; but as de.^^igtL tM tnaiiifost in eveiy p»ii't of 
creatititif it if* prob^tble that if the various systems in the 
Qiiiverse had beon o surer to one another, their mutual 
diaturbaocea would have beeo ipconsbteut with tbt> har- 
mony and atablUty of the whole, Jt is clear tiiiit space 
m not pervaded by atmospheric aii\ fiioco its rfisistimce 
would, loog ©re tiiia, have destroyed the velocity of the 
planets* ; neither cao we alfif m it to bo a void, sioce it 
Bee ma to be replete with ether* niid traversed iu all di- 
Tectlooa by light, heat, gravitation, arid ixissibly by tuf u- 
©Dces whereof we eaa tbrm no idea. 

WTiatever the laws inay be that obtain in the mora 
distant regions of creation, we are assured that one alone 
reja^ilates the motious, not only of our owo system, but 
also of tiiu binary systems of the fixed stars ; atid as 
general laws form the ultimate object of philosophical re- 
learch, wo camiot conclude these remarUa without coa* 
side ring the nature of gravitation— that extTaoi-dinary 
power, whoso o fleets we have been endeavoHog to trace 
throupili some of their mazes* ll was at one time im- 
agined that the acceleration in the moon^s mean raotion 
was occasioned by the successive transniissioa of the 
gravitating force. It has been proved, that in order to 
produce this effect, its velocity must be about fifty mill- 
ions of times greater than that of light, which flies at 
the rate of 200,000 miles in a second. Its action, even 
at the distance of the sun, may therefore be regarded 
as instantaneous ; yet so remote are the nearest .of the 
fixed stars, that it may be doubted whether the sun has 
any sensible influence on them. 

The curves in which the celestial bodies move by the 
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force of gravitation are only lines of the second order. 
The attraction of spheroids, according to any otlier law 
of force than that of gravitation, would be much more 
complicated ; and as it is easy to prove that matter might 
have been moved according to an infinite variety of laws, 
it may be concluded that gravitation must have been se- 
lected by Divine Wis<lom out of an infinity of others, as 
being the most simple, and that which gives the great- 
est stability to the celestial motions. 

It is a singular result of the simplicity of the laws of 
nature, which admit only of the observation and com- 
parison of ratios, that the gravitation and tlieory of the 
motions of the celestial bodies are independent of tlieir 
absolute magnitudes and distances. Consequently, if all 
the bodies of the solar system, their mutual distances, 
and their velocities, were to diminish proportionally, they 
would describe curves in all respects similar to those in 
which they now move ; and the system might be suc- 
cessively reduced to the smallest sensible dimensions, 
and still exhibit the same appearances. We learn by 
experience that a very different law of attraction pre- 
vails when the particles of matter are placed within in- 
appreciable distances from each other, as in chemical 
and capillary attraction, the attraction of cohesion, and 
molecular repulsion, yet it has been shown that in all 
probability not only tliese, but even gravitation itself^ is 
only a particular case of the still more general principle 
of electric action. 

The action of the gravitating force is not impeded by 
tihe intervention even of the densest substances. If the 
attraction of the sun for the center of the earth, and of 
the hemisphere diametrically opposite to him, were di- 
minished by a difficulty in peneti-ating the interposed 
matter, the tides would be more obviously affected. Its 
attraction is the same also, whatever the substances of 
the celestial bodies may be ; for if the action of the sun 
upon the earth differed by a millionth part from his ac- 
tion upon the moon, the difference would occasion, a 
periodical variation in the moon's parallax, whose maxi- 
mum would be the ^j of a second, and also a variation in 
her longitude amounting to several seconds, a supposi- 
tion proved to be impossible, by the agreement of theory 
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witli observation. Thus all mnttflr is pervioias to gravi* 
tatbriT ttod is equiiMj attmctet! by it. 

Gruvitntion is a feeble force i VAstly inferior to electric 
BctioiiT chemical affinity, and ctilie**ioii ^ j^et as for as 
hiiiTiau l^nowleflge extendsT the intensity of gruvitatien 
him never varsed witliin the limits of the solar system; 
HOT does even analogy lead us to expect that it should : 
on the contrary t there is every reason to be assured that 
the great Ihws of the universe aro immutahlo, like their 
Author. Not only the sun and plane ts^ but tbe mi- 
nutest partictest in all the varieties of thoir attractioo^ 
and Impulsions*— naj, even the imponderable matter ofthe 
electric, galvanic, or magnetic fluid,— are all obedient to 
permanent laws* though we may not be able in every ciise 
to resolve their phenomena into general principles* Nor 
can we suppose the structure of the globe alone to be 
exempt from the univermil fiat, though agos miiy jmss 
before the changes it has undergone, or that are now in 
progress, can be referred to existing causes with the 
same certainty with which the motion* of the planets, 
mid all their penodic and secular variations, ai-e refera- 
ble to the law of graviCation. The traces of extreme 
antiquity perpetnaUy aocun-in|| to the geologmt give that 
information, as to the origin ot things, in vain looked for 
in the other piu-ts of the universe* They date th^ be- 
ginning of time with regard to our system ; since there 
ia ground to believe that the formation of the earth wns 
contempomncoua with that of the i-est of til© planets ; 
but they hIiosv that credit ion is the work of Him with 
whom "a tliousand year-i are as one daji and one day 
as a thonj*aBd yenrs," 

In the work now brought to a concluslonH, it has been 
necesstiry to select from the whole circle of the scionces 
a few of the most obvious of those proximate links which 
connect them together^ and to pass over innumerable 
cases botli of evident and occult alliance. Any one 
branch traced through itii rtmitfications would alone have 
occupied a volume ; it is hoped, nevertheless, that the 
view here given will suffice to show the extent to which 
a consideration of the reciprocal influence of even a few 
of these subjects may ultimately lead. It thus appears 
fhnt thf» theory of dynamics, founded upon terrestrial 
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phoDOineDa, is indispeoBable for acquiring a knowledge 
of the revolutions of the celestial bodies and their recip- 
rocal influences. The motions of the satellites are af- 
fected by the forms of their primaries, and the figures 
of the planets themselves depend upon their rotations. 
The symmetry of then: internal structure proves the 
stability of these rotatory motions, and the immutability 
of the length of the day, which furnishes an invariable 
standard of time ; and the actual size of the ten-ostrial 
spheroid affords the means of ascertaining the dimensions 
01 the solai* system, and provides an invariable founda- 
tion for a system of weights and measures. The nmtual 
attraction*of the celestial bodies disturbs the fluids at 
their surfaces, whence the theory of tlie tides and of the 
oscillations of the atmosphere. The density and elas- 
ticity of the air, varying with every alternation of tem- 
perature, lead to the consideration of barometrical 
changes, the measurement of heights, and capillary at- 
traction ; and the doctrine of sound, including the theory 
of music, is to be referred to the small undulations of 
the a^iial medium. A knowledge of the action of mat- 
ter upon light is requisite for tracing the curved path of 
its rays through the atmosphere, by which the true 
places of distant objects are determined whether in the 
heavens or on the earth. By this we learn the nature 
and properties of the sunbeam, the mode of its propaga- 
tion through the ethereal fluid, or in the interior of* ma- 
terial bodies, and the oi*igin of color. By the eclipses of 
Jupiter's satellites, the velocity of light is ascertained ; and 
that velocity, in the aberration of the fixed stars, fur- 
nishes the only direct proof of the real motion of the 
earth. The effects of the invisible rays of light are im- 
mediately connected with chemical action ; and heat, 
forming a part of the solar ray so essential to animated 
and inanimated existence, whether considered as invisi- 
ble light or as a distinct quality, is too important an agent 
in the economy of creation, not to hold a principal place 
in the connection of physical sciences. Whence follows 
its distribution in the interior and over the surface of the 
globe, its power on the geological convulsions of our 
planet, its influence on the atmosphere and on climate, 
and its effects on vegetable and animal life, evinced in 
kk2 
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the locaUlies of orgtmbsod bein^ on the earth, la thg 
watersi a ad in the air. The connection of heat with 
electrical phenomenn, and the electrkity of ilie Hlmos- 
pbere, together With all its pii^rgelic eflects, Ur identitj 
With nuigijotjsin and the phenomena of terrestrjal po- 
larity, can only he understood frooi the tlieories of these 
invisible agents, and are, jiroJTabljr, identicaL with, or at 
leitat; the prinripal cauBea of* ehemi(:a1 aifinitie^^ lunu- 
merable inst-ances might be given in ijluslrntioii of the 
inin:tediQCe conaertion of the physical acieocea, most of 
which arts ttriitud «ttll i»gra closely by the onninioti bond 
of analysis, which b daily extending its empire* and wiU 
ultimatoly embrace almost avery Hiibject itt nature in itf 
formula. 

Those formuUt, emblerimtic of Om nisei e nee, condense 
into a few symhoiii the immutable laws of the universe. 
Tbis mighty inatru me Dt of human power itsfsif ciriginates 
m the primitive constitution of the human mind, and 
r&sts upon a few fuudamentul axioms, whteb have eter- 
Oftlly existed in Him who implanted them in the breast 
of man when He created him nfter His own image p 
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NoTB 1, page U.— Diameter. A straight line passing through the cen- 
ter, and terminated both ways by tlie sides or surface of a figure, such aa 
of a circle or sphere. In fig. I, 9 Q, N S, are diameters. 

NoTB % p. 2. — MatkenuUUal and mechanical sciences. Mathematics 
teach the laws of number and quantity ; mechanics treat of the equi- 
libiium and motion of bodies. 

Note 3, p. %— Analysis is a series of reasoning conducted by signs or 
■ymbols Df the quantities whose relations form the subject of inquiry. 

NoTB 4, p. 3. — Oscillations are movements to and fro, like the swing- 
faig of the pendulum of a clock, or waves in water. The tides are oecil- 
lationa of Uie sea. 

NoTB 5, p. 3. — Oravitation. Gravity is the reciprocal attraction of 
matter on matter ; gravitation Is the diflerence between gravity and the 
centrifugal force induced by the velocity of rotation or revolution. Sen- 
sible gravity, or weight, is a particular instance of gravitation. It is the 
force which causes substances to fall to the surface of the earth, and 
whik^ retains the celestial bodies in their orbits. Its intensity increases 
as tile squares of the distance decrease. 

NoTB 6, p. 4j— Particles of matter tae the indefinitely small or ultimate 
atoms faito which matter is believed to be divisible. Their form is un- 
known ; but though too small to be visible, they must have magnitude. 

NoTB 7, p. 4. — A hollow sphere. A hollow ball, like a bomb-shell. A 
sphere is a ball or solid body, such, that all lines drawn from its center 
to its surface are equal. They are called radii, and every line passing 
through the center and terminated both ways by the surface is a diameter, 
which is consequently equal to twice the radius. In fig. 3, Q, 9 or N S is 
a diameter, and C Q, C N are radii. A great circle of tlie sphere has the 
same center with the sphere as the circles Q,Egd and CiNqS. The 
circle A B is a lesser circle of the sphere. 

NoTB 8, p. i.^Cencentrie hollow spheres. Shells, or hollow spheres, 
having the same center, like the coats of an onion. 

Note 9, p. 4.Spheroid. A solid body, which sometimes has the shape 





i)f au urange, m in fi^. 1 ; it la ihea called an objatfi ■p^n}!^^ 

i» fiatiunvd nt the poles N (uid S. J^uch ~' " 

is tUy |(irm of the ottrtli auri pie nets ^ 

Wht;i], im ih£ conLmry, U ^ driiwD uut 

ofiht* pMtlL'S Jilcc MR ejiLg, fta la fig. 'J. it id 

Billed Ji pMilHte fi|hbeni!d. It i« evident 

that iu boik tJje«; Nolids the nkdii C qr C «, 

CNi &c.^.iij-e gcDerully iiiicqun^ ; rthere- 

lui In the Aidkere they are &EI! eqitaU 

point in every Uwiy, whlfh ii" supported, 

the body wirii renmln ai rert in whut- S F 

cvfir pcKGJtioii Lt nmj' bfl pJar^d, Aliont 

dint, poini all ibe pBClit i;Jtfiii!ily htfilaiice 

one anoiher. The cwleHCjtJ bodie* flt- 

Lmcl; ench <)Lh«r aa if e>LCh wi'ta coo- 

debied Into a «ing:le partlele sitniitc^ ill 

iJie cenUor vf SlTttvltyH or tlie paitLule»iJtU- 

&l« ill tlic cpiiier Of gmvil.y uieath ujuy 

be i^emrdei] na p09J=e9.«iTi|: ihc reaultant 

jtKJWf-T uf thti iiinumerntile ubliijue tbrcee which Cii^sUtute the wkDl« 

uitmciLim uf thc^ Injdy* 

KciTH lU PP- 1 6.— Pfflir* a*i fljuatpi'. Ldet ftg* 1 ftr3 teprt^wnt the 
ewth, C It* qenior, NCS tht FVXis nfniintlon^orthe iinoffinairy line: uljuut 
wiiich il peitorni* itii daily revolutlc^n. Ilien K nud 8 nnn ihe nonh nnd 
BDiiUi pciiea, And [h«i grcnt circle ^ E(lt vvhieh divldos the earth iuta twu 
equal pnrt9f h 11 le tfquatur. Tlie 
ttimli k^ tlflt^jied at ihe poles fi|f. 
It «he u^jiiniuriiil iiiniHet«rt ^ U^ 
e;i€ieedliO|{ ili« L^l^f diaTiii^ler, ^ i^, 
iiy ahaut M^ mjiie«, LeAMar cli- 
clofl^ A li (i, whioh are parallel to 
tiie etiuutJjrt are cia^li^a nr pjirallels 
of latitude, wlilch U o^tiiimttd In 
degrees, uilnutes^ niid sacninl^ 
uurtii nad ^juth uf tht' fquiiUir,, 
every pliM;c in the fwrne pwrtiMel 
havloi; the vamt? JatiLiide : Green- 
wlcli Ip in Uie pnraU^U Eil JlOiirf'JO". 
Thni! tuir^Htrml lallliidi' 3a th*^ in- 
giiinr difllance beuveeu the dirge- 
linn itfn [iluHiii Jill*! nt tmy iikji^n 

O'-'f !'-■ / ■> ' ' " ' ^ ^|'L.-'|.'.r, 

I1I..E0 oU^^ii uo /<. V« O, A.\ li JJ £>, 

fig. 3, are called meridians ; all the places in any one of these lines have 
noon at the same instant. The meridian of Greenwich has been chosen 
by the British as the origin of terrestrial longitude, which is estimated in 
degrees, minutes, and seconds, east and west of that line. If N G £ S be 
Ihe meridian of Greenwich, the position of any place, JB, is determined^ 
when its latitude, QC B, and its longitude, EC Qt, are known. 

Note 13, p. 4. — Mean quantities are such as are intermediate between, 
others that are greater and less. The mean of any number of unequal 
quantities is equal to their sum divided by their number. For instance, 
the mean between two unequal quantities is equal to half their sum. 

Note 13, p. 4. — ^ certain mean latitude. The attraction of a sphere on 
an external body is the same as jf its mass were collected into one heavy 

E article in its center of gravity, and the intensity of its attraction dimin- 
thes as the square of its distance from the external body increases. But 
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the attraction of a spheroid, fig. 1, on an external body at tn in the plane 
of its equator, EQ. is {greater, and its attraction on the same body when 
at m' in the axis N S lesa, than if it were a sphere. Tlierefore, in both 
cases, the force deviates from the exact law of gravity. This deviation 
arises from the protuberant matter at the equator ; and as it diminishea 
toward the poles, so does the attractive force of the spheroid. But there 
is one mean latitude, where the attraction of a spheroid is the same as 
if it were a spheie. It is a part of the spheroid intermediate between the 
eqnator and the pole. In that latitude the square of the sine is equal to 
I of the equatorial radios. 

NoTK 14, p. 4.— Mean distance. The mean distance of a planet from 
the center of the sun, or of a sateiiitc from the center of its planet, is 
equal to half the sum of its greatest and least distances, and conM*quently 
is equal to half the major axis of its orbit. For example, let P Q A D, 
fig. 6, be the orbit or path of the moon or of a planet ; then P A is the 
major axis, C the center, and C S is equal to C F. Now, since the earth 
or the sun is supposed to be in the point S according as P D A Q is regarded 
■a the orbit of the moon or that of a planet, B A, S P are the greatest and 
least distances. But half the sum of S A and 8 P is equal to half of A P, 
the major axis of the orbit. When the body is at Q, or D, it is at its 
mean distance from S, for S Q, S D are each equal to C P, half the major 
axis by the nature of the curve. 

NoTK 15, p. 4. — Mean radius of the earth. The distance from the cen- 
ter to the surface of the earth, regarded as a sphere. It is intermediate 
between the distances of the center of the earth from the pole and from 
the equator. 

NoTK 16, p. 5. — Ratio. The relation which one quantity bears to 
another. 

NoTK 17, p. 5. — Square of moon's distance. In order to avoid large 
numbers, the mean radius of the earth is tnken for unity : then the mean 
distance of the moon is expressed by 60 ; and the square of that number 
is 3600, or 60 times 60. 

NoTK 18, p. 5. — Centrifugal force. The force with which a revolving 
body tends to fly from the center of motion : a sling tends to fly from the 
hand in consequence of the centrifugal force. A tangent is a straight line 
touching a curved line in one point without cutting it, as m T, fig. 4. The 
direction of tiie centrifugal force is 
in the tangent to the curved line or 
path in wtiich the body revolves, 
and its intensity increases with the 
angular swing of the body, and with 
its distance from the center of mo- 
tion. As the orbit of the moon does 
not differ much from a circle, let it 
be represented by m djr A, fig. 4, 
the earth being iu C. The centri- 
fugal force arising from the velocity 
of the moon in her orbit balances 
the attraction of the earth. By their 
joint action, the moon moves tltrough 
the arc m n during the time that she 
would fly off in the tangent m T by 
the action of the centrifugal force 
alone, or fail through mp hy the 
earth's attraction alone. T n, the 
deflection from the tangent, is parallel and equal to m;), the versed sine 
of the arc m », supposed to be moved over by the moon in a second, and 
therefore so very small that it may be regarded as a straight line. T n, 




or m^% it ihe space the nfKiD ivould til. 11 Ihrou^Ii in the Aral second 0f 
h«rdes(]enlU> the earth, v^ere fthfi iiat TL'tuincd t^i her orbit hy her ccor 
ttlf^^l force. 

Note W, p, 5^— v'jfclio* ajuT rrm^Uon. When mniitJii iif {reittimiinlcaie'^ 
hy cijWUifin at v^mnutv, Ihcf iierjfia of Ihe iKidy ivhkli striken. \s rem rue Jl 
WLih f«4pi'iib foTCin hy ttie huMly whkh fecfiiivei] thfi blow. The prciturc fif 
9 tiand on a tuhle N resfated ^vitli an equul and couinify fofce. Tiiia 
tienMs^saArity folhv%tf3 fmni i]i(?iio|M?ni!irniLLUty i>f mnli«r, ft iiniiperiy by wtikh 
no iWi> ^turilcle^ ofnintlfr uiA oiviuiiy the ikitiie Idu nlit.nl portUm oripacc 
nt ihe i^rLiito tlint:. VVh^io nnttiun b coiiininaicaieil without aji^nir^iiiE 
contact, ns\n frnvitaUmh unrfiction, lind repulajon, thn qitQtitlty iif nirHioii 
fiit)^ by the uoe body la exntl]y 4»qtiid to ttmt loiit hy liie other, but, In a 
cunlmry chre^c^tusn ^ u cijctiiiistuncf; known by ti.tperlenc-c only. 

NoTR 20. p. S. — PrejtcUd. A body Is |irtiJfH^(e<l when It is thrown ; a 
bull Rr^d from n g^iin if prnjecied ; U la thereiTore crilted u peojenttie. But 
ibe wotd tiaii nE^^i mnothttr uiejiiklng. A I trie, !iitrf<iicc>, nr not id iHiily^ i^ 
»idd lo be tJf(vJ»!tieil iipDit n |ilHn«, whtsn imridttiil «tmigliL linea are drawn 
from fivtiry point of it to the plune. Tile fiflfnru m traced u|jon the ^lane 
l* n jimjcciioQ. TIh^ prnjipction of n rcrrcsirlAt objefii Is tliqrefare iti day- 
light jiliiiiJow, *iacc tbo stin'i rnys aro Aeiit^bly puraia^l. 

NoTiB 31 , p* 5.— S/noc*!* The iionndlo^ region which conuninB nt I ercatioa. 

Note ^ i)p. 5, 1^.— C«itj(; Smihiis^ Llneis fofdied by any plane cut- 
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Hag a eone. A cone is a solid Agure, like a soipir-Ioar, flg. 5, of whieh A 
U the apex, AD the axis, and the plane BECF the base. The axto- 
may or may not be perpendicular to the base, and the bajie may be a 
ctrcle, or any other curved line. When the axis is perpendicuinr to th« 
Imae, the solid is n right cone. If a right cone with a circular bas^be cut 
at right angles to the base by a plane passing through the apex, the sec- 
tion will be a triangle. If the cone be cut though both rides by a plane 
parallel to the base, the section will be a circle. If the cone be cut slnnting 
quite through both sides, the section will be an ellipse, lig. 6. If the cone 
be cut parallel to one of the sloping sides, as A B, the section will be a 
parabola, Ag. 7. And if the plane cut only one side of the cone, and be not 
parallel to the other, the section will be a hyperbola, fig. 8. Thus there 
are five conic sections. 

Note 23, p. 5.— Inverse square of distance. The attraction of one body 
for another at the distance of two miles is four times less than at the 
distance of one mile ; at three miles, it is nine times less than at one ; at 
four miles, it is sixteen times less, and so on. That is, the gravitating 
force decreases in intensity as the squares of the distance increase. 

Note 34, p. 5.— Ellipse. One of the conic sections, fig. 6. An ellipse 
nay be drawn by fixing the ends of a string to two points, S and F, in a 
sheet of paper, and then carrying the point of a pencil round Ui the loop 
of the string kept stretched, the length of the string being greater than 
the dii>tnnce between tlie two points. The points S and F are called the 
foci, C the center. 8 C or C F the eccentricity, A P the major axis, Q, D 
the minor axis, and P S the focal distance. It is evident that the less the 
eccentricity CS, the nearer does tlie ellipse approach to a circle; and 
from the construction it is clear that the length of the string SmF is 
equal to the major axis PA. If T t be a tangent to the ellipiie at m, then 
the angle T m S is equal to the angle tmF; and as this is true for every 
point in the ellipse, it follows, that in an elliptical refiecting surface, roys 
of light or sound coming from one focus S will be reflected by the surface 
to the other focus F, since the angle of incidence is equal to the angle of 
reflection by the theories of light and sound. 

NoTi 35, p. 5. — Periodic time. The time in which a planet or comet 
performs arevolution round the stm, or a satellite about its planet. 

Note 36, p. 5. Kepler discovered three laws in the planetary motions 
by which the principle of gravitation is established :--iBt law. That the 
radii vectores of the planets and comets describe areas proportional to the 
time. Let fig. 9 be the orbit of a planet ; pi^, g. 

then supposing the spaces or areas ?Bp, 
p8a, aSb, Ax. equal to one another, the 
radius vector S P, which is the line joining 
the centers of the sun and planet, passes 
over these equal spaces in equal times, 
that is, if the line 8 P passes to S;> In one f> f. 
day, it will come to S a in two days, to S 6 
in three days, and so on. 2d law, That the 
orbits or paths of the planets and comets 
are conic sections, having the sun in one of 
their foci. The orbits of the planets and 
satellites are curves like fig. 6 or 9, called 
ellipses, having the sun in the focus S. Three comets are known to 
move in ellipses, but the greater part seem to move in parabolas, fig. 7, 
having the sun in S, though it is probable that they really move in very 
long flat ellipses; others appear to move in hyperbolas, like fig. 8. The 
third law is, that the squares of the periodic times of the planets are pro- 
portional to the cubes of their mean distances from the sun. The square 
of a number is that number rouitipiied by itself, and the cube of a num- 
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ber 1( ttint iruniher twlc« tnulUplicil by imfelf. Ftir i^xnuiplfi, die i<|i|jire> 
of 111*.' i3iiriilietl» ^, 3, ^, &r. are 4* ^* ]0* Ilc^ but their cubes ore S^ *^, 04, 
J^c. Then the ii;uQ.r@!i ul' ll^ nun^lier^E re(ue«Dialini; ihe |»crkMdk limea of 
two plurteta nrc fn one noDlher dj ihe Cubev uf lite nuiJibera jneiireainUiHg 
ihejf flit nil dhtiiincea from the sun. So thia<t IhriM- of diiose qiiiiutSiiss 
l»eii3l kEKj^ivn, lilt' lUbnr [liny b« found by ihe rule of thr««. Hie moan 
d»t)in.c#3 nre riieii£Ufetl id nilStt^ or teifeeiHetl riirJh,Hnd the perimhc times 
tin estimated! m ym,T9^ days, ilslA pmxta. of jidtty. Kepler's lawi exttmd to 
the BCLtellUe^. 

KoTi *Jfr P^ 5-— Jtf«i-*#. The i^qanlity of inntter in a given bntk. It li 
f proportion at to the defiially and volume or hult conjointly, 

N'oTK ^28, }i. ^.^^ Qravfitsiion propartitmai t* mawM, Bot for the revise 
niic(} of the mr^ all budles wis u Id luktl to the ground In eqiiitl tlfrjcuL In 
frtd a hutii|n?d cqiuij pnrticles of luatter nt equal di^uinecK (ftnn tht? sur- 
(Wee €f ih42 tunji would fall to the ^ruund in |j>AriilM ^trTii^ht UiiPfl witli 
&\un\ tapiditj^, nnd oo change wltftit^ver WJiufd irskf [jlac^i in the clrt^ni- 
itHDceM of ihetr dn^cenl^ if UO of tbeoi were united In auc. Mi]h\ mmmt for 
th« sDlId mum nnd the stueile pnrtlcje wo^tld loueh the groumd ai the 
BmDe Injsuiiit, werfl it not for the retsi^itHiJce of tlie ait, 

NoTK ^, p.5.— Primary iigti\t^. In MttDntiiny.the ]|)knet About whlcb 
a sntellUt! n^volveiik The earth la priiHELry to tlie ninHin. 

KoTK 3iJ, p. 6— Jifltfltiow. S^otlnn round an Hjeia, ten} ut ImnnLnaTy. 

NoTi: 31, p. l.—Comprt^sHton «f a 4phcTnitL The Ifnttenmf Ai the pi -left. 
It is lequni to the diHercnce belvvuen. tJie grcutf^^ mid t^^ist iliAnieiers, 
dlvldtMl hy the ^^mte^t ; these E^umniiiies heiog expres^ied In stymie atajtd- 
nrrJ irteiiHtirt.', a^s inNefi, 

KoTB 32. p. 7. — S^teitites. BmnU bodies rovdvSng almiit mme of ihst 
plun^ls. The hjodq i« ft fti^tolllLto ti* Oio «a7ih. 

^OTK 33, p. l.—JsTfiifitt'oTi. A noddiag iiiotlort hi llie «nrtK'fl ania whil« 
in rutaiifin, shntlaT lo tlint oNervert In tht^ f^ilnaiUfS. of n Itjp. It lis pro- 
duced by the fLttrncttoQ of tkt fluii tmd ipoun on Uie pfoiuheriuit: DiAtter 
at Ihe terrottiial equator. 

NoTB 34, p. 'J.— ^ii# rtf Jioistion. The hne, real or lumfrionry, ittioiTl 
which n IsfKly revolvei. '^hm usts of the ciirih ■» rcstiitton U ihnt rUn meter, 
or tnineltiEiry line, |kiidairiE ibrauuZi Qw c^aiiar and both poltsp. Fi^. 1 being 
the eunh, K 3 is tlie axts tif rotfitUm. 

Note 35, p. 7.--JV«ia<i«»n of lunar orbit. The ncUon of the bulging 
matter at the earth's equator on the moon occasimis a variation in the 
inclination of the lunar orbit to the plane of the ecliptic. Suppose the 
j)Iane Npn, fig. 13. to Be the orbit of the moon, and N m n the plane of the 
ecliptic, the earth's action on the moon causes the angle p N m to become 
less or greater than its mean state. The nutation In the lunar orbit is the 
reaotion of the nutation in the earth's axis. 

NoTB 36, p. 7. — Translated. Carried forward in space. 

Note 37, p. 8, — Force proportional to velocity. Since a force is mea»> 
ured by its effect, the motions of the bodies of the solar system among 
themselves would be the same whether the system be at rest or not. The 
real motion of a person walking the deck of a ship at sea is compounded 
of his own motion and that of the ship, yet each takes place independently 
of the other. We walk about as if the earth were at rest, though it haa 
the double motion of rotation on its axis and revolution round the sun. 

Note 38, p. ^.— Tangent. A straight line which touches a curved 
line in one pojnt without cutting it. In flg. 4, to T is tangent to the curve 
hi the point m. In a circle the tangent is at right angles to the radius C m. 

Note 39, p. 9.— Motion in an elliptical orbit. A planet m, fig. 6, moves 
round the sun at S in an ellipse P D A Q, in consequence of two forces 
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one arging It in the direction of the tangent irT, and another pulling it 
tovrarcl the sun in the direction mS. lt« velocity, which is greatest at 
P, decreaaee througlMUt the arc to P D A to A, where it is least, aad 
increases continually as it moves along the arc A Q P till it comes to P 
again. The whole force producing the elliptical motion varies inversely 
as the square of the distance. See Note 23. 

NoTB 40, p. 8.— Radii vectores. Imaginary lines Joining the center of 
the sun and the center of a planet or comet, or the centers of a planet and 
lu satellite. In the circle, the radii are all equal ; but in nn ellipse, flg. 8, 
the radius vector SA is greater, and BP less than all the others. The 
radii vectores, 8 O. S D, are equal to C A or C P, half the major axis P A, 
and consequently equal to the moan distance. A planet is at its mean 
distance from the sun when in the points CI and D. 

Note 41, p. 8. — Equal areas in equal times. See Kepler's 1st law in 
Note as. p. 5. 

NoTK 42, p. 8.— Major Axis. The line P A, fig. 8 or 10. 

Note 43, p. ^.— If the planet de- B FH/f. 10. 

Merited a circle, ^c. The motion of 
a planet about the sun, in a circle 
A B P, fig. 10, whose radius C A is 
equal to the planet's mean distance 
from him, would be eauable, that 
is. Its velocity, or speed, would al- 
ways be the same. Whereas, if it 
moved in the ellipse A Q P, iu 
speed would be continually vary- 
ing, by Note 39 ; but its motion is 
suclit that the time elapsing be- 
tween its departure from P, and its 
return to that point again, would be 
the same, whether it moved in the 
circle or in the ellipse ; for these 
curves coincide in the points P & A. 

Note 44, p. 9.— 7Vtt« motion. The motion of a body in Its real orbit 
PDAa. fig. 10. 

Note 45, p. 9.— Mean motion. Equable motion in a circle P E A B, 
flg. 10, at the mean distance (J P or C m, in the time that tlie body would 
accompliiih a revolution in its elliptical orbit P D A Q. 

Note 48, p. 9. — The equi- 
nox. Fig. 11 represents the 
celestial sphere, and C its 
center, where the earth is sup- 
posed to be. q T Q,:^ is the 
equinoctial or great circle, 
traced in the starry heavens 
by an imaginary extension of 
the plane of the terrestriul 
equator, and E T e ^Ih is the 
ecliptic, or apparent path of ^ 
the sun round the earth. T i£^ 
the intersection of these two 
frianes, is the line of the equi- 
noxes; T is the vernal equi- 
nox, and :^ the autumnal. 
When the sun is in these 
points, the days and nights 
are equal. They are distant 
from one another by a semi- 
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drcl^p or two rigliE aii^le^. Tbe poiala E nnd t nro llip wtlsliicciir 
wbigfo thu stLii i» lit. iiU f^rt-'fiU'^t cili<«iii[ice t'lam itiif eqiitncKitaL 
Thft equfcniKiial is tfvtirywlMjie' uiinEiy <Jifpr*Mia diraifiiit fr^im ii4 puies 
N tiiid ^, which nrB iwu jioibifi dJlHiuetrtcjiH}' cip^^mhte lo one jincilheF, 
Vvtiis^jrc lli<; axl9 of itie ea.rth'i lotiilJiiQ, it' pruiong^ed, wtuilil uie&t tfae 
^eavetw. The nortijem c^feNUai iM>le ^J u wiiirin jo*24' of the pole 

tm Amhe iatiiiide ufany place on the Jiurlttce ofttie ei^rth Is eqiisil U) 

t liteight of the ptilQ aJKive the hori^^eri^ it ii ecuilly detenu iiicd by 

Nsrviiilun* The echptk JG T e =s= I* iiSaii evenwhcuE iiiDcLy degrees 
ilidituiit from \^ iHileA ¥ nnil p. This Hiij^le F C A« bctwt^ti ibe polu;^ T 
snd S of the «q|iLiiii''£tiaL and ecVipUc^ in equul to the m]|£le e C Q,, calieii 
the ohiiqtdty of Uie celiphc, 

NoTK 47, p. S.-^I^ongitudfi^ The Tcruiil eqtilnoi, T^ %. M» 1» tlie 
weto pdint in the htsiiveua wlu^iii;^ citltMtuiL Icijigltudes, ur Hw angular 
matlonfi of ihti^ ci'Inatiul bnili«», art* eTiiiiuiiteii frr})!! Vii^nt to ea^t^ tho 
dlnsetkm in Tihlnh they till levolve. The verua.1 equiiioji » j^entsnilEy 
failed the fcsi |.Kiiin of Ariw, UiuiMsh lhe*p two \mit\xs have iioi (coin- 
cided since ih« early n^tst of AsLrcsaoniyp about ^^33 ymrv oga, on arconnt 
of a nu>tioii io the eijuinnetitl pci^iitKi to be ejiptulpeil hnif tether. If S T, 
fig. ID. Ik; Uiia I'me of the eqnlatiKW, Qntl T iltg^ vefotil t^iiniDox. thf true 
longHnild iiS a pbnei p k tlie angle T 3 j), and 13^ Ui<(iha l{^n|Hude It Uici 
fuigle T (J in, the sun being Ui H. Ocleitlnl kjigttude k.^ ihQ tLngulnr 
distance of n heftVtiJily hotly frrjio the vernnl equlooiL ; wheTeAS tfcrres- 
tfliul ioitgltnde la the Angulur distance of a (dace «m the i^urfncc of the 
eftflh fniiii a itKtfhlbui nrbhrarlly iihi>H«ii, nt Ihrit of Greenwich, 

Note 4B, pp. 9» 57.— £:ywarioB of tAe cs»f*f. The dlflereacn between 
T Ck and T dp, fi|. to ; ihnt i^ ihe dLlfVfunctf between the tniu fljiil 
aifliui langitm^es ofn iilnnet f>r Kiiellite^ The true ^ad mciiti piuct^ only 
oakocifie In the p^ilntt P nnd A ; in every other point of the «rbti, the 
true place is tftber ber<ife *if behind the tiittnn place. In jiat>%iiig (Wnii A 
ihrou^U the jxtc A Q, P, the trui; place ^ ia bi-hiud thu iimiuti phti^ni; 
and (iirtmgU thts nrc J^ U A the true plwce b before the meun pltice. At 
\\M inajtimnjii, ilie etiuj^tt^m of the c«at«r nieA«un^ C St the eccenlrLclty 
of the {>rblt, aiikce It Is the diderHOce betw-et;n Ebe inmiim E>f a body In 
nn c^llipta; iuul in n circle wht^sc dinniet^T A P ia the mojor uls of ttie 
ulliiise. 

NoTK -I^T P- 9.— ^jjsttfe*. The points P and An fif. IQ, at the ei- 
Trvtiiliki< of the iiiQJor ax In of nn orbit. P is cuintnf>nly caUetl the 
perihelion, a Greek term, signifying round the sun; and the point A is 
called the aphelion, a Greek term, signifying at a distance from the sun. 

Note 50, p. 9. — Minety degrees. A circle is divided into 360 equal 
parts, or degrees ; each degree into 60 equal parts, called minutes ; and 
cuch minute into 60 equal parts, called seconds. It is usual to write 
these quantities thus, 15^ 16' 10", which mesuis fifteen degrees, sixteen 
minutes, and ten seconds. It is clear that an arc m ti, fig. 4, measures 
the angle m C n; hence we may say, an arc of so many degrees, or an 
angle of so many degrees : for if there be ten degrees in the angle 
mCn, there will be ten degrees in the arc mn. It is evident that there 
are 90^ in a right angle, m C (2, or quadrant, since it is the fourth port 
of360O. 

NoTK 51, p. 9. — Quadratures. A celestial body is said to be in quad- 
rature when it is 90 degrees distant from the sun. For example, in fig. 
14, if d be the sun, S the earth, and F the moon, then the moon is raud to 
be in quadrature when she is in either of the points Q or D, because the 
angles 0,9 d and DSd, which measure her apparent distance from the 
sun, are right angles. 

Note 52, p. 9. — Eccentricity. Deviation from circular form. In 6g. 
6, C S is the eccentricity of the orbit, P Q A D. The less C S, the more 
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nearly does the orbit or ellipae approach the eircular form ; and when 
CS is zero, the ellipse becomes a circle. 

Note 53, p. 9.—Inciination of an /rrbit. Let S, fig. 13, be the cenler 
of the sun, P N A », the orbit pi^^ jS. 

of a planet uioving from west ** 

to east in the direction Np. •" _- • ~""'"^^ 

Let B N m e n be the shadow .^-^-'T^ 

or projection of the orbit on y\.-''' 
the plane of the ecliptic, then j^ f /' 

NSx is the intersection of / / 

these two planes, for the orblf \i 

rises abo\e the plane of the p v- — "' 

ecliptic toward Np, and sinks Vv 

below it at N P. The angle \N>„.^_^ 

^ N m, which these two planes ^ — 

make with one another, is the N '*' 

inclinatitm of the orbit P Np A to the plane of the ecliptic. 

Note 54, p. ^.—LaUtudt of a planet. The angle ;> S m. fig. \% or the 
height of the planet p above the ecliptic E N m. In this case the latitude 
is north. Thus, celentiai latitude is the angular distance of a celestial 
body from the plane of the ecliptic, whereas terrestrial latitude is the 
angular distance of a place on the surface of the earth from the equator. 

NoTB 55, p. IO.—JWn/m. The two poinU N and x, fig. 12, hi which 
the orbit KAnP of a planet or comet intersects the plane of the 
ecliptic e N Eh. The ^nrt N A n of the orbit lies above the plane of 
the ecliptic, and the part nPN below it. The ascending node K is the 
point through which the body passes in rising above the plane of the 
ecliptic, and the descending node it is the point in which the body sinks 
below it. The nodes of a satellite's orbit are the points in wtiich it 
intersects the plane of the orbit of the planet. 

NoTB 56, p. \Q.— Distance from the sun. S p in fig. 13. If T be the 
vernal equinox, then T Sp is the longitude of the planet p, fa Sp is its 
latitude, and Sp its distance from the sun. When ihet>e three quantities 
are known, the place of the planet p is determined in spstce. 

Note 57, pp. 10, SS.—ElemenU of an orbit. Of these there are seven. 
Let P N A N, fig. IS, be the elliptical orbit of a planet, C its center, S the 
■un in one of the foci, T the point of Aries, and E N e n the plane of the 
ecliptic. The elements are, the major axis A P ; the eccentricity C S ; 
the periodic time, that is, the time of a complete revolution of the body 
in its orbit; and the fourth is the longitude of the body at any given in- 
stant: for example, that at which it passes through the perihelion. P, the 
point of its orbit nearest to the sun. That instant is assumed as the origin 
of time, whence all preceding and succeeding periods are estimated. 
These four quantities are sufficient to determine the form of the orbit and 
the motion of the body in it Three other elements are requisite for 
determining the position of the orbit in space. These are. the angle 
T S P, the longitude of the perihelion ; the angle A N c, which is the 
inclination of the orbit to the plane of the ecliptic ; and lastly, the angle 
T S N, the longitude of N the ascending node. 

Note 58, p. 10.^ ffhose planes, ^c. The planes of the orbits, as 
P N A n, fig. 12, in which the planets move, are inclined or make small 
angles eS A with the plane of the ecliptic E N e n, and cut it in straight 
lines, N S X passing through S tlie center of the sun. 

Note 59, p. M.— Momentum. Force measured by the weight of a 
body and its speed, or simple velocity, conjointly. The primitive momen- 
tum of the planets Is. therefore, the quantity of motion which was im- 
pressed upon them when they were first thrown into space. 

Note 60, p. l%— Unstable equilibrium. A body is said to l)e in equili- 
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htium when It \<t «n bnlnnr^t^d na tti remain nt Test BM Agm $mttm 
kkitla *.»( t'qkiMbrinm, sttibU anil iinstahU. IT H tKXiy bttUtieeA In ftftHa 
ttqufllMuni llfA Kli^lilly libituriied. it wUi eudeavur to rfltum to rest liy n 
Dunibc^r t^f ui'^veni^oPi Ui nuii (Vo^ whlclii will coDtlpuiitly 4]«cr««j),e lUI 
llifly ci'iiNt AlliigcthcfH and then tlie btnly wUl b^ fi^bireit Id iu ortginal 
vtate of TKi.KKH!!'. Biit If lite* equillbrMtm be uosinble, llit>4ie nir:?veintTntai it» 
iinii fri>, or ^^tscill^iiun.^, m\\ l^coDit; jy^n^at^^r and ^PQter UCl th« equlll- 
biluiii H il&atruymt. 

NoTi til. p. \2.—RHT9p-(i4i:^ Going tmekwaid* &i (bora ftut to f^Mt, 
contfnfy tn lb« inailsjn ut (be jfltmcU^ 

NoTK (M, p. l4.^Par4f^«J dirzHionj. Sudi Q* never moet, th^^ieli 
prdlrjiiifetf evui 9q fur. 

Not* fi3* pp. H» 16,— TA« «■*»;* /orci. *«. 

N wt « Ihe plan*!! of the wUplk. p ibe dU- 

turbad pljuiei moving In iH wlnii MpN. and 

d Ihe dij>iiiirljlnf plnnet N"W. d y^itmu% %t\^ 

■un itnd the ^ih^iiet/i with difl^Ti^cit ]Dit?ii3i,itlc»di 

|fi madlrectJiitiie 4^3. d/<,' ihedlfferecitopnly 

Of thviw rwfifit di^rufbii iho motion of jp ; it 

is, thi?r«ibri.% en I X'sA. the dltfiurbing I'm ri^e. B u t 

till* whole diaiuibini fom" may be itfj;arded i 

m eqiitvirdcnt tip tbree forros. ai'lltig iti the 

dlr«cti[fnit p:^,p T; BJid /? wi. The fofce net- 

InC In ibt' nidiiu vector o 9» ^iIiild^ the tscm- 

teint [>f the ^un nnd pin net, \% cajiM the 

t^io/ fitrrt!. n !<inin«ttn]eA dru^v» the dls- 

ttirbed ptJtnct jt fmm the aun, and sMnneitnie!! 

brtnti:* it oeiiK^r ti> him. The ftircw which 

actn In ihfl diredtioa uf lh<) tiinie^^dt, ji T, 

J* Cfiilcd I he tnwffejitmi ftn-ee. It disturbs 

the mollfin ofj? In longitude, (hnt k, it adce^l- 

emifB i[s m<y[inn in sonie ftarbi of lis orbit 

f(> 14, nnrffi'ftiriliU 

*^„ ' in dthi'rB, en 

*' that the m- 

dtiLs vector 

S p do€i not 

tnove over 

equal areas 

in equal times. (See Note 96.) For e 
|. pie, in the |H)sition of the bodies in fifr. 14, 
it is evident that, in consequence of the 
attraction of d. the planet P will have its 
motion accelerated from Q, to C, retarded 
from C to D, again accelerated fr6m D to 
O, and. lastly, retarded from O to Q„ The 
disturbing body is here supposed to be at 
rest, and the orbit circular ; but as both 
boiUes are perpetually moving with dif- 
ferent velocities in ellipses, the perturba- 
tions or changes in the motions of P are 
very numerous. Lastly, that part of the 
disturbing force which acts in the direc- 
tion of a line ;rnt, fig. 13, at right angles 
to the plane of the orbit fi pit, may be 
called the perpendicular force. It some- 
times causes the body to approach nearer, 
and sometimes to reosde farther from, the 
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plane of the ecliptic, Nmn, than it would otherwiie do. The aetioa of 
the disturbing forces is admirably explained in a work on gravitation, bj 
ProfiBflBor Airy, of Cambridge. 

NoTX 64, pp. IS, GQ.— Perihelion. Fig. 10, P, the point of an orWt 
nearest the sun. 



NoTS 65, p. 16.— Jlphelion. 
from the sun. 



Fig. 10, A, the point of an orbit flirthest 



NoTK 66, pik 16, ib., 17. In fig. 15 the central force is greater than the 
exact law of gravity; therefore the curvature F pa is greater than PpA 
the real ellipse ; hence the plunet p comes to the point a, called the aphe- 
lion, sooner than if it moved in the orbit Pp A, which makes the line 
PSA advance to a. In fig. 16, on the contrary, the curvature P|i a far 
Fig. 15. Fig. 16. 





less than in the true ellipse, so that the planet p must move through 
more than the arc PpA,oT 180^, before it comes to the aphelion a, which 
causes the greater axis P S A to recede to a. 

Note 67, pp. 16, 17. — Motion of apsides. 
(.et PSA, fig. 17, be the position of the 
elliptical orbit of a planet at any time ; 
then^ by the action of the disturbing 
forces, it successively takes the position 
FSA', P"SA", &c., till by this direct ■ 
motion it has accomplished a revolution, ; 
and then it begins again ; so that the i 
motion is perpetual. \ 

NoTK 68, p. 16. — Sidereal revolution. ^ 
The consecutive return of an otyect to 
the same star. - 

NoTB 69, p. 16.— TVoptcoZ revolution. The consecutive return of an 
obfect to the same tropic or equinox. 

Note 70, p. 17.— The orbit only bulges, p'" Fig. 18. 

a-e. In fig. 18 the effect of the varia- 
tion in the eccentricity is shown, where 
Fp A is the elliptical orbit at any given 
instant; after a time it will take the 
form P p* A, in consequence of the 
decrease in fhe eccentricity CS; then 
the forms Pp" A,Pp"' A, tc, conse- , 
cndvely from the same cause, and as ^ k 
the major axis P A always retains the 
same length, the orbit approaches more 
snd more nearly to the circular form. 
But after this has gone on for some 
thousands of years, the orbit contracts 
again, and becomes more and more 
eUtplieal. 
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No-r* 71* PP- IS* 1%—TkB xNpfii \m Urn apparent path of tbe sun in 
Ihe heftycni" Set N*>le ■ffi. 

NoT» T3* p. IS.— TAii /tfi'f? tPMrfJt to pvJU ^S'*- TtLc force id que«tkfii 
wt^Oat \n tlie flinscticm pin, fli. 13, puUi tbe pknct p toward tii*? \i\m^ 
If m Mt u- pUJliM h fftfthcf above ii, fUing the ;jltttn?t a^ Wnriuwcy Uiii)i>v« 
In Dn ijibiiab-jvear boiow itn imdiiHifi^ci urbU ^pn, wbkb ulierH ll« 
fltigle p^ m, ftuU miLkcii ibt' nrHlc N and tbc Une f^r nudeti N a chiiii|;o 
Uielr [MisUiLinB. ^ ^ ^ ^^ ^ ^ ^^ 

Nm R T3» p. IS-— JMl>£f tff* #/ tJii m#^ J. l>t 8, fSf* 1^, tw the lun ; S ?r n 
the pVaae trf ilic ecliptic ; P the dwiurtilnf liodjf ; and ^ a pin net ttidvinf 
la its oTtiit lift, of which p*'ni& sttmW a part ttial k is re^np^enlert aa m 
•traislit linfl. Thts plane Snp of ihl* tuliil cuti the plaete or thp <«lli>tm 
ia the aui^leht line 13 », !t?np[iosw the dlrturbinft fmce ^gitin to net on p 
«D » to draw the plnoeJ^ tnio tJ^e^ arc pp'^y ihtm^ ini?te»d! of movm; la 
the orbit ;i ik it v^'MI lend i& move In itie orWt pp'it\ whr«e pinne rata 
llic Ci^blitlc in the #ini3|Eht hn^ B n. If the disiiirbmg force acta ag^ln 
wpttn tUe iHMly when at jp\ iso as brj ilrnw it into iht ure p>". the ptacet 
wlU n«w trtid to move in the firbU ^'jf" a"', whose plane ^ul^ the ecii|itlc 
in the stniight Uii^ 6 a". The action of the 4isturbiEig force on the 
planet when at p", wUl bring the node ti* » ", and mj on. Ja thia man- 
ner the aiJde fM4 bat hw aril throng h the «acces*ive iMjlnti. ». n\ »", »'", 
Ice.* aiui the iioo of awSea B n hs-i a perpetual retxopade iflqiion about 
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8, the center of the sun. The distarbhig force has been represented iif 
acting at intervals for the sake of illustrntion : hi nature it is continuous, 
•o that the motion of the nude la contkcioooi a\m ; [bniiiih iit i - Mnjiti.juea 
rapid and sometimes slow, noiv retrrvrade and now dircet ;: Lmt oo tbn 
whole, the motion is slowly rt^tfiiffrnd*^. 

Note 74, p. 18. — JVhen tAe iiinivrbine pUnH \%ti.nyw\wj^ In the lino 
SN, fig. 19, or in its prolonitHCwnt it im In ihn raiiie i^luni; wiTh ibe dis- 
turbed planet; and however riiitch it may affect Itt moiiimB In that 
plane, it can have no tenilency to draw lit out of h. flut whccn the 
disturbing planet is in P. at right nnj!lp* to the Itni? SPf, and not hi the 

Elane of the orl)it, it has ^ pcuvrifiil eflect on iJie mniion of the nodeia : 
etween these two positions them b jEreni vHheiy of netion. 
NoTK 75, p. 19.— TAe cAan/F^ J m the twd-inaii^n %m GXtnrmely m In file 
when compared with the motion of the nod^ as evideiitliy nppt^an froni 
fig. 19, where the angles n|)7i', h' ^' n'\ Itc. are much smaller Uittii the 
corresponding angles n S n', S n", &c. 

Note 76, p. ^.— Sines and cosines. Figure 4 is a circle; np ^ the 
sine, and Cp is the cosine of an are mn. Suppose the radius Cm to 
begin to revolve at m, in the direction mna; then at the point m the 
sign is zero, and the cosine is equal to tbe radius C m. As the liiM C m 
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fevDlTes and takes tbe meeesslTe positions C », Ca^Cb, Xlc., the stnes 
*Pt »q%br, bjc. of tbe arcs mn^ma,inh, Ax. increase, while the corres 
poodlDg cosines G^, C 9, Cr, Jec. decrease, and when the revulvinf radiua 
takes the position Cd^ at right angles to the diameter gtn, Uie Kine be^ 
ecMDes equal to the radius C d, and the cosine is zero. After passing the 
point d, the contrary happens; for the sines eK, / V, Ax. diminish, and 
the cosines C K, C V, Jtc. go on increasing, till at g the sine is zero, and 
tbe cosine is equal to the radius Cg. The same alternation takes place 
through the remaining parts ^ A, A m, of the circle, so that a sine or cosine 
never can exceed the radius. As the rotation of the earth is invariable, 
each point of its surface passes through a complete circle, or 360 degrees, 
in twenty-four hours, at a rate of 15 degrees in an hour. Time, there- 
fore, becomes a measure of angular motion, and vice versd, the arcs of a 
circle a measure of time, since these two quantities vary simultaneously 
and equably, and as the sines and cosines of the arcs are expressed in 
terms of the time, they vary with it. Therefore, however long the time 
may be, and how o(\en soever the radius may revolve ronnd the circle, 
the sines and cosines never ean exceed tbe radius ; and as the radius is as- 
gamed to be equal to unity, their values oscillate between unity and zero. 

NoTK 77, p. 21.— The small eccentricities and inclinations of the plan- 
etary orbits, and the revolutions of ail the bodies in the same direction, 
were proved by Eoler, La Grange, and La Place, to be conditions neces- 
sary for the stability of the solar system. Recently, however, the peri- 
odicity of the terms of the series expressing the perturbations was sup- 
posed to be sufficient 0^0110, but M. Poisson has shown that to be a mistake ; 
that these three conditions are requisite for the necessary convergence 
of the series, and that therefore the stability of the system depends on 
ihem conjointly with the periodicity of the sines and cosines of each 
term. The author is aware that this note can only be intelligible to the 
analyst but she is desirous of correcting an error, and the more so as the 
Gonditionfl of stability a£R>rd one of the roost striking instances of design 
in the original construction of our system, and of the foresight and su- 
preme wisdom of the Divine Architect. 

Note 78, p. ^\.— Resisting medium. A fluid which resists tbe motions 
of bodies such as atmospheric air, or the highly elastic Huid called ether, 
with which it is presumed that space is filled. 

NoT« 79, p. 9Si,^0blifuity of the eeliptie. The angle « T y, fig. 11, be- 
tween the plane of the terrestrial equator 9 T Q, and the plane of the eclip 
tic £ T s. The obliquity is variable. 

NoTB 80, p. 2i.— Invariable plane. In the earth tbe equator is tbe in- 

Fig. so. A-v X /v 
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VRflable pliuiif^ wli]tb nearly tiialalAias a p^mlleli pofltlon with refiml to 
ttielf w}iKe reVfilvinc nboiii: ihe sun, as in Tig. SMli, whtjrc EQ. repfeiea(i 
ft The (ivo heinlfipftercs hit In nee one rtiioUicr on Daeh isido of tfris iiIbjif^ 
ftnd vfould lEill iln m ifnU ihc pufticliUft of which thi?y ciinFiHt wera m^iV' 
ttble naiong^ Uiem:ieh'''[??, ^kroiided the ciiftliL were iicri dlf^tiirlKtl by thci 
aistUm of Ui« Kim nritt tn^Miti, which iiltera tho piirnlT^UTfiti ufihti fi[UBtor 
hy Ihe Buiiiil va.riiHi]e>ii t-nUpd miiftilrid, to be explained Jiereuftjer. 

NotK 81, p. ^, /jf McA parlieie, d!-f. Lei P, P\ P'", &c,. flg. 21, be 
plBjiclit ntovjoi la ihclr ortHla nhoat the ceatet nf grwvit]!' of Ihti sy^ieta. 






jBiJP AUt F i M^ &G, !:« {jOffUdbi af theae orbits movchd over hy Che mdd 
JMAoitM, 8Pt a P, &Cm 111 a gfvea ltm&, and 1^1 j? 8 m, ji' 3 in' &.c b*.^ their 
«btttloW0 or pmjccJiua* <ifi tho tnvariablo plamv Theo, if tlie tiDinlwrt 
which represent the massed of th^ pInneLs, P, P' &c be respi<'iii;ivi:Hy raul- 
Uplicd by the mimL>€r!» repreai^ntini the sreita urs|»ic:e4 jti^m, p'E ra', fcc. 
the s\iui of the wliolf^ will Im ^tt^Mvf fur the iUTSkTlubEe pVane ihiui It 
wciuld be for any ptaii? that euuld pj,ss ihfoii^h S, the crater of | rarity 
uf the a}5lejD. 

Note 82, p. 23.— Tke center of gravity of the solar system lies within 
the body of the sun, because his mass is much greater than the maaees 
of all the planets and satellites added together. 

NoTK 83, pp. 24, 35. — Conjunction. A planet is said to be in conjunc- 
tion when it has the same longitude with the sun, and in opposition 
when its longitude differs from that of the sun by 180 degrees. Thus two 
bodies are said to be in conjunction when they are seen exactly in the 
same part of the heavens, nnd in opposition when diametrically opposite 
to one another. Mercury and Venus, which are nearer to the sun than 
the earth, are called inferior planets, while all the others, being farther 
from the sun than the earth, are said to be superior planets. Suppose 
the earth to be at E, figure 24 ; then a superior planet will be in conjunc- 
tion with the sun at C, and in opposition to him when at O. Again, 
suppose the earth to be in O, then an inferior planet will be in conjunc- 
tion when at £, and in opposition when at F. 

Note 84, p. 25.— TAe periodic inequalities are computed for a given 
time; and consequently for a given form and position of the orbits of the 
disturbed and disturbing bodies. Although the elements nf the orbits 
vary so slowly that no sensible effect is produced on inequalities of a 
short period ; yet, in the couri« of time, the secular variations of the ele- 
ments change the forms and relative positions of the orbits so much, that 
Jupiter and Saturn, which would have come to the same relative positions 
with regard to the sun and to one another after 850 years, do not airive 
at the same relative positions till after 918 years. 
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NoTB 85, p. 95.-~QmJljptration. The relative pofltion of the planeta 
with regard to one another, to the sun, and to the plane of the ecliptic 

NoTC 86, p. S6.— In the same manner that the eccentricity of nn elllptl- 
eal orLit may be increased or diminished by the action of the disturbinf 
forces, so a circular orbit may acquire less or more elliptlcity from the 
nrae cause. It is thus that the forms uf the orbit of tlie first and second 
ntellites of Jupiter oscillate between circles and ellipses iiffering very 
little from circles. 

NoTK 87, p. 9^.— Tk* plane of Jupiter' a equator is the imagiiiary plane 
passing through his center at right angles to his axis of rotation ; and 
corresponds to the plane qEQe, in fig. 1. The satellites move very 
nearly in the plane of Jupiter's equator, for If J be Jupiter, fig. 22, Pji bit 




axis of rotation, eQ, his equatorial diameter, which is 6000 miles longer 
than Pp, and If J O and J E be the planes of his orbit and equator seen 
fklgewise, then the orbits of his four satellites seen edgewise will have 
the positions J 1, J 2, J 3, J 4. These are extremely near to one another, 
for the angle E J O is only 2P 5' 30". 

NoTC 88, p. 27.-1 n consequence of the satellites moving so nearly in 
the plane of Jupiter's equator, when seen from the earth, they appear to 
tie always very nearly in a straight line, however much they may change 
their positions with regard to one another and to their primary. For 
example, on the evenings of the 3d, 4tli, 5th, and 6th of January, 1835. 
the satellites had the configurations given in fig. 23, where O is Jupiter, 

Fi^. 23. 
•^«^ W ^ K«rt 

3 .; 2." /- O 

A ! 3. 
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and 1, 2, 3, 4. are the first, second, third, and fourth satellites. The satel- 
lite is supposed to be moving in a direction from ihe figure toward the 
point. On the sixth evening the second satellite was seen on the disc of 
the planet. 

NoTB 89, p. 28.— ./Jn^/ar motion or velocity is the swiftness with 
which a body revolves — a sling, for example ; or the speed with which 
the siirface of the earth performs its daily rotation about its axis. 

NoTB 90, p. ^.—Displacement of Jupiter's orbit. The action of the 
planets occasions secular variations in the position of Jupiter's orbit, J O, 
fig. 22, without afifecting the plnne of his equator, J E. Again, the sun 
and satellites themselves, by attracting the protutierant matter nt Jupiter's 
equator, change the position of the plane J E without affecting JO. Both 
of these cause |ierturbations in the motions of the satellites. 

NoTB 91, p. 2B.— Precession, with regard to Jupiter, is a retrograde 
notion of the point where the lines J O, J E, intersect fig. 22, 
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j^OTT Q>\ p^ 30. — OppQMitt^O'n^ /i tindv ia «alit trt titi tn n^pQ^lllon when 
Ui iungituif^ dllfen IVu^a tliat or tbe eua by leiP. it'13^ 0«. ^ b« tbe 
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CTii^ KoA E the trnttb. thou JupiEar » la oppdftltlon mtImii ■! Op «td lia 
eon^uneiiun Ali&nflLiC, In thcee po«ltlotiit the tlicee bodicrs Mfij in the 
Bame stratght line. 

NoTK 94, p. ^*~EdipMa <^ tkt 

the ft&rth W miMn% m i\A mWu 
ha the tiireciiDn E A & T II, aiid the 
ttititi sntelLite In IJK!^ dkectlDn u^kmn, 
Wlien ihe tt^irih [i al E, the ftiifillhs, 
iQ tuiiving ttLTOU^h the arc a£, will 
vanliti at a, n,nd rptppear at £, on the 
Bftnifl dde cirJu|>Sicr, Inha eariii be 
la E» Jupiter will be in apjui^itifiiD^ 
and thtti ihfl BatMUitc. in uujvLng 
Uurmigli the art a ft, will Vftnifh ffloao 
|i] the disc i\i the plane^E^ lanU will r«- 
Appear ua the Mltier Aide of U. But if 
tlie sale I Lite tw iiinving iliruu^h tliP 
arc m 11,^ It wU! Jippeir to pa^ orm 
the disc Dud ech^e vhs pJaoei. 

if OTS OS, lip. 30, 43.— ^Ifffrjiiiflii. A 
terre^iriAi uicfldiaa Lb a line pnasing 
TDiiDd ttifl cartii iijid throiigti bntS 
pole^. In every paitoi* U iiotm hn|H 
peiu at tha fiune in^tajit. In figaret 
1 Afid 3, the ItneB N Q 8 and ^ G B 
life tiiLTidlan?. C heinf tliiB center df 
th« earth, and N S iWaxlii itf FoiatloD. 
The tnt^ridlati p!%iuin|[ through the 
Olnfirvntory &i Crfe«iivi Lch i^ a-i^urtied 
by the Briil^h a* a fii-=d uriRin fnniii 
«rhencj{ teiceetrlnl loni^iliule^ nre mea- 
■uretl And njt f'^t^U tioint itri ihH»tir> 
faei uf the esirth jmue^i through 3IMX>, 
«r ^ c^^mphtQ circj* In tweniy-foitt 
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Airani, at the rate of IS degrees in an hoar, time becomes a representativ* 
of aninilar motion. Hence if the eclipse of a satellite happens at any 
place at eight o'clock in the evening, and the Nautical Almanac shows 
that the same phenomenon will take place at Greenwich at nine, the 
place of observation will be in the 15° of west longltade. 

NoTC 96, p. dO.—Canjvnetion. Let S be the sun, fig. 34, E the earth* 
and J OJ' C the orbit of Jupiter. Then the eclipses which happen when 
Jupiter is in O are seen lem 36* sooner than those which take place when 
the planet is inC. Jupiter is in conjunction when at G and in opposition 
when in O. 

NoTB 97, p. ao.— /» the diapmal, 4-e. Were the line A 8, fig. 98^ 
lOO^NN) times longer than A B, Jupiter's true place ~ " 

would be in the direction A S', the diagonal of the 
figure A B S' S, which is, of course, out of propor- 
tion. 

Note 98, p. Zl.^Merration of light. The ce- 
lestial bodies are so distant, that the rays of light 
coming from them may be reckoned parallel. 
Therefore, let S A, S' B, fig. 26, be two rays of light 
coming from the sun, or a planet, to the earth 
moving in its orbit in the direction A B. If a tele- 
scope be held in the direction A S, the ray S A, 
instead of going down the tube, will impinge on its 
side, and be lost in consequence of the telescope 
being carried with the earth in the direction A B. 
But if the tube be held In the position A E, so that 
A B is to A S as the velocity of the eartii to the 
velocity of light, tlie ray will pass through 8' E A. 
The star appears to be in the direction A S, when 
it really is in the direction A 8', hence the angle 8 A 8' is the angle of 
aberration. 

Note 99, p. 31. — Density proportional to elasticity. The more a fluid, 
such as atmospheric air, is reduced in dimensions by pressure, the more 
it resists the pressure. 

Note 100, p. 32. — Oscillations of pendulum retarded. If a clock be 
carried from the pole to the equator, its rate will be gradually diminished, 
that is, it will go slower and slower, because the centrifugal force which 
increases from the pole to the equator, diminishes the force of gravity. 

Note 101, p. 33. — Disturbing action. The disturbing force acts here 
in the very same manner as in note 63 ; only that the disturbing body d^ 
fig. 14, is the sun, S the earth, and p the moon. 

Note 102, pp. 34, 36, 81. — Perigee. A Greek word signifying round 
the earth. The perigee of the lunar orbit is the point P, fig. 6, where the 
moon is nearest to the earth. It corresponds to the perihelion of a planet. 
Sometimes the word is used to denote the point where the sun is nearest 
to the earth. 

Note 103, p. ^.-^Eveetion. The evection Is produced by the action of 
the'radial force in the direction 8 ;>, fig. 14, which sometimes Increases 
and sometimes diminishes the earth's attraction to the moon. It produces 
a corresponding temporary change In the eccentricity, which varies with 
the position of the major axis of the lunar orbit In respect of the line S d^ 
joining the centers of the earth and sun. 

Note 104, p. 34.— -Foruitton. The lunar perturbation called the varia- 
tion is the niternate acceleration and retardation of the moon in longitude, 
from the action of the tnncential force. She is accelerated in going from 
quadratures in Q, and D,'fig. 14, to the points C and O, called syzygies, 
•fl4 is retarded In going from the syzygies C and O to Q, and D again. 




Note lOfi, p. 1^,— Square p/ tim*. U the Ifm^fc inr-TenAe al the mte of 
1, % X 4, Ice, ye»jB itr Imndr^dei of ytuits, the miUHrev of the timari wlU 
be K 4, l>T "^ >^c,, yuar^ ur huadjiedA of yifurs. 

JVofE lOtj, |i> 37. — M^an anotna/jf. Tlie ni^im nnDnialy of Hl ptomct Ja 
Ite anjtitlur [lisUiEicu from the pcyrlhrlkmH flopposirrg it lo move fn « circle. 
The Iruff luioismly hi \U» iiiiijiiEar ili^tsiftce fiiiirt ili*J' ^rtirlJietlon in ii^ elElp- 
tlC&L iiiblL Fitr eium|j'Je, iu £f . 10$ the tUC'liii auuinaly li^ F C m, aod tlie 
true ttpimnti ly is H S p. 

NoTK ItlfT, pp, 38, tH^^Jfony eiFcumftrencfs. There bt? 300 difgrees, 
or lt!^tH},J|XM> MiCfiniUt ill n circuuiJ^E^rei'ice ; and as tjio acctyJcrntion of the 
moon only ificruJirkriD hi Hit rnw pr el^vea 3fe<:oiid^ in a century, it inii^t 
bt) ai pFDdigiuiLB nijuiber uf nj^e» btsfure It nccuniulAEes to iniiDy Glrcujji' 
fenenciea^ 

NoTJ! Hteii^ p. 3S.— P^flj#j o/ fAf moDM, The periodical changes in the 
enlighTerted piirt of )u!r di»a frnm a crescent to a clrck% depeading npoij 
bei- pcMtEtion with retgftrd t4i the sua and tinrlta. 

Note IW, p* S9,— Limar a^Hpvv^ Urt 8, fig. STT, bo the fuiu T3 ibe 
Berth, mi n the mooti. The *p&tA aAb La a feecticm aC the ahadaWi 
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whk]i UftS the fonn of n rnne or Bngar-{o.Tf, and ttie spsicrm An*, A **t 
are the penumbra. The axis of the cone passes through A, and through 
E and S, the centers of the sun and earth, and n m n' is the path of the 
moon through the shadow. 

NoTB 110, p. 39. — Apparent diameter. The diameter of a celestial body 
as seen from the earth. 

Note 111, p. 39. — Penumbra. The shadow, or imperfect darlcness, 
which precedes and follows an eclipse. 

NoTB U2, p. 39.- Synodic revolution of the moon. The time between 
two consecutive now or full moons. 

Note 113, p. 39. Horizontal refraction. The light, in coming from a 
celestial object, is ben. 'into a curve as soon as it enters our atmosphere, 
and that bending is greatest when the object is in the horizon. 

NoTB 114, p. 40.— So/ar eclipse. Let S, fig. 28, be the sun, m the moon, 
and £ the earth. Then a E 6 is the moon's shadow, which sometimes 
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eellpsef a small portion of the earth's surftce at e, and sometimes fhlls 
short of it. To a person at e, In the center of the shadow, the eclipse 
may be total or annular ; to a person not in the center of the shndow, a 
part of the sun will be eclipsed ; and to one at the edse of the shadow 
there will be no ecUpee at all. The spaces P i £, P a £ are the Pett- 
is. 29. 



NoTB lis, p. 43. — From the extremitiea., ire. 
If the length of the line a i, fig. 29, be meas- 
ured, in feet or fathoms, the angles S 6 a, 
Bad, can be measured, and then the angle 
« S Ms known, whence the length of the line 
8 C may be computed, a S 6 is the parallax 
of the object S, and it is clear that the greater 
the distance of S, the less the base a b will 
appear, because the angle aB' bin less thaa 



NoTK 116, p. 43.— Every particle will describe a eirdCy Src. If N S, fig. 
3, be the axis about which the body revolves, then particles at B, Q, 
frc., will whirl in the circles B G A a, Q E 9 J, whose centers are in the 
axis N 8, and their planes parallel to one another. They are, in Diet, 
parallels of latitude, Q E 9 d being the equator. 

NoTK 117, p. 43.— TA« force of gravity, <*•«. Gravity at the equator 
acts in the direction Q C, fig. 30 ; whereas the direction of the centrifugal 
Fig. 20. 
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fbree h isaetTy cmitmry^ Iteinp In the dirACtton C Q. ; hence ilm AiSst- 
fuM of thcr two ia^ the fonee colJed i^r&vltiiUDii^ which nitikea IxmH^i. ruU 
m tho tur^ce uf Lhv em-tli. At mly |H>ijit^ wi, n^t at the ^qumi^r, tbn 
direciioii df pavUy m mJt, perjietidkuliAi lo ihe auiiaco ^ but iha c^ntrb 
fUpJ force acts perpend ioularly la N S^ Uie mis *jf ramyon. Nkw tba 
fsaL^t nf the centri^ignl TiHafi iit tlic' maie ai if H werp two forces, otiu of 
whkh, ai:iJD|y[ In the dLrucilon J>fn, iliiiittitabea the furee of gr-avUy i and 
iLnatiif)F whJcJi^ nctlng in the dlfecLtoa m t^ tau^^cot u> the surface at ni, 
urged the portieleB toward Q^ imd tciid« to awt^li ou( thei eaiQk At Hie 
equator. 

Ntitic Hi, ]}. 4C— /fffin^jj'rn^M iAtfs#. A quaBlEly of m&tlert eveiy- 
wliera of the flaJUD dQnultjiV 

Ndtk 1 19^ p, 44.— i!.7^i>jai^ of rtvoiuj^Qm- A aotid formed by Lbe levo- 
Inttun of nn dtJpse about lis uiu. If the ellipat^ rcvotve about Its miDor 
^%U II D, fig, fi, the eriififtiiid will be py^ft or datiened at the poles IJlte 
iin {N-pui^. Ifthu revulutloQ be ai^K^tii tbia greflttcr itxle A Ft tti« ellipiaid: 
WlU tie prolate, like tm ei^. 

Note 130, p. 44.— Coik™£™ ellipliaiJS strata. Stiato, or layu^, haTiog 
ma eJllpUca^ forni and the aojiue center, 

NoTi 121. p. 45— Oa tha Khait, S-c. Tbe iiiie ff Q^ ^, flf. 1, reiite- 
t&n\3 till* olliiwe In queiiUon^ iia inojar aik bBing Q. jr. Lii> minor aiii N 3. 

NoTK 12:2, p. H^ — Jjicrffli* I'll i(A« tmgtA uf ihA r^m, ire. The mdli 
Er&dunlly lutreuEfe frtsiii tKe y^Am radina CN^ fig. 30, which li leasitto 
the equ^iloriivl rudiuji C Q., whkh U ^reati'S^ Tliera Lb alio Jui iucreaiie 
in the Lenytbi of tbe arcid eiirreapoDdiDg to ihe »aiiie number of def^i^el3 
IhHii Ibe ei^ualctf- to tht pole^ tur the imgle N C r, being eqna] to ; U J^ 
IbA elliptical ar€ N r is Ib« th&u q d* 

Note l^, pp. 45^ %5§.<-0#tft« ^/ Joi/eKdff. Tbe sngi m m G a, m C ^, fif , 
4t helog tJw latitudes of the polo In Ji^ *t fcc, the eoi^iies are C g. C r^ tc* 

Noi^B 1S4, p. 411,— .fn urc ^i/^^Ae mj?rt(/iftii. Let N Q. Sp, fig. 30, t* tha 
loerjJiuo, littd *o ji the arc to tttS iiieaJHiired. Then if Z' m^ Z n, !■>« verti- 
cals, or Unefl perpeiiilkiilEtr to tbe surface nf the eaitb, nt Uie extremities 
of the arc m n they will moet \n^p. Q ait, QJr n, are ibf> latitude^ of the 
pointB m Rnd », and thok dllioTCEicQ N the oh^Ib iflj»», Binet^ ibc laii- 
tudea fin? MiiBl to the height of the pole of tbe equinoctial above the 
bnriz/on of the plactji} m ontj ti, the nn^Je Mp » inny iH^ found Uy observa- 
tion. WhOEi tbe dittitiicu n h is miiaiureU in fcetcif fntbomB, Had dividi^d 
by the nurnlier of di'gfoeu njitl purSH nl a il^jfree ervnlained in the aug^le 
f^p n, the leng^th of an mc of one degree id obcnlDed. 

NoTB 125, p. A&.—A series of triangles. Let M M', fig. 31, be the 
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meridian of any place. A line, A B, is measured with rods, on level 
ground, of any number of fathoms, C being some point seen from both 
ends of it. As two of the angles of the triangle ABC can be measured, 
the lengths of the sides A C, B C, can be computed ; and if the angle 
m A B, which the base A B makes with the meridian, be metisured, the 
length of the sides B m, A nt, may be obtained by cuinputationt so that 
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Ami, a raomll part of the meridian, is determined. Again, if D be a point 
viilble from the extremities of the known line B C, two of the angles of 
the triangle BCD may be measured, and the length of the sides C D, 
BD, computed. Then if the angle Biam' he measured, all the ancles 
and the side B m of the triangle Bmm' are known, whence the length of 
the tine m m' may be computed, so that the portion A m' of the meridian 
is determined, and in the same manner it may be prolonged indefinitely. 

NoTK 190, pp. 47. 48.— The square of the sine of the latitude, Q & im fig. 
30, being the latitude of m, e m is the sine, and be the cosine. Then Vm 
numl>er expressing the length of e m, multiplied by itself, is the square of 
the sine of the latitude ; and the number expressing the length of bs, 
multiplied by itself, is the square of the cosine of the latitude. 

Note 127, p. 49.— Ji pendulum is that part of a clock wliich swings to 
and fro. 

NoTK 128, p. 51.— Parallax. The angle aSb, fig. 39, under wliich we 
view an object ab: \t therefore diminishes as the distance increases. The 
parallax of a celestial object is the angle which the radius of the earth 
would be seen under, if viewed from that object. Let EI, fig. 38, be the 
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center of the earth. E H .ts radius, and m H O the horizon of an observer 
at H. Then H m E is the parallax of a body m, the moon for example. 
As tn rises higher and higher in the heavens to the points m', m", &c., 
the parallax H m' E, H m" E, 6lc. decreases. At Z, the zenith, or point 
immediately above the head of the observer, it is zero; and at to, where 
the body is in the horizon, the angle 11 m E is the greatest possible, and 
is called the horizontal parallax. It is clear that with regard to celestial 
bodies the whole efifect of parallax is in the vertical, or in the direction 
m «i' Z ; and as a person at H sees m* in the direction H m' A, when it 
really is in the direction E m' B, it makes celestial objects appear to be 
lower than they really are. The distance of the moon from the earth 
has been determined from her horizontal parallax. The angle E m H 
««n be measured. EHm is a right angle, and EH, the radius of the 
earth, is known in miles ; whence the distance of the moon E m is easily 
found. Annual parallax is the angle under which the diameter of the 
earth's orbit would be seen, if viewe<l from a star. 

NoTB 190, p. 52.— 7*0 radii n B, n 6, &c., fig. 3, are equal in any one 
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paroJld of lutitudc. A«, BG; UieTeforti a chunfe In tljp pomUftn*- 
Krv^d tn thai prkrailer can i>nly Ht'im from n climti;^ in ihe ii\tH)ii*t 
distil dcf Irojii ihtj efirilii^ iupiI 'wht*n tht' imvw ts at her njena dJBiftziee, 
wblicl} La H cmti^i>i!l qu^kniuy equal tc^ hnlf iho lunjnr fi%U nf her arliit i^ 
clJiiii^U' in tlii» pumliax Hlijicirvx>d kk lUtTpT^t Inniude^,. G and K, aimi 
bcIhq frum tbei dtfihrcnce in Uie Ji<rn|th j uf the radij it G and C E. 

NoTC 130, p, 5g, — W^Aew Feiitf^ I'j in hirnodt^. She lauat he ia the 
line EV & n, whera her urliit P N A » ryi* Uis nl*tii« nf the ©olpptic E N « m, 
Hi iSL 

NoTK 131, ji, S^^Tht line da^iAi^, Se- Let £, |ig. 33, be tlie eaflli, 
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B thr cenler nf tJie aiin, tind V the pliitiet VL-nnip. The iFal ImnsU of 
the pisJic'i, Mcn fnaiD E tlse ceutjer nf thti lairthi wnult! bu in the dirci-tlnii 
A B. A per^nn nt W would t&o It pzia nver the ms In Ihe line v il, aod 
a person at O wuuld Eee U move acront lilui In the dlr^ctiun v* a'. 

Hitrnt 132, p. ^.— JTffi^fir'd i&v^ Bup|Ki»G it wi!re required tn find the 
distance of Jiipji«!r rruiii llie &\m^ l^hij |ieiicHiEc liiu«! fif Jnpiier Rud 
Venus uro piven by obserTniknn, untl the mpim liisiance of VtiniiH rmm 
the center of the sun is knnwn in mil us dr IjejTfiifErlrtl r&dll ; therefnne, by 
Uie rule nf threi^ iUa nqnure rnot nf the peniuUc time nf Vemta i* to the 
equnrc root E»r Uie (Hfriixnc Utno nf Jupiier, as ttie cube rwt of the inetn 
diMAttce nf Vcniia frotii the iun. to Iht* r"Mbc root «f the menn distance of 
Jupiter frnm the sun, which is tImj;* nhtnlned \n wiles nr terrcstrinl radU. 
The rooi rjf jiJinpibiiTr la xhvii lunnlur ivhjch, fmcn ninatlpTipd by Itfelf, 
gives iiif squEirtr; twice i«uliifiJii--<l Uy iLs!?lf» Rive*f \U cuIkj, A;c. F«r 
einmpLen twice *3 are 4, and twice 4 ore P ; 2 Ig thcTeforc the pqunre rnot 
nf 4, tind the cuhe root i>r8. In ihe sttiiie niamieT 3 times 3 nre S, and 3 
timed i* nN! 27 ; :tis ihe'refiin.'! Mm-- fi«innrf rni*\ i<-f9. iiini i>ie^ mhn r'*ni,t(^7. 

NoTB 133, p. 55. — Inversely, ^-c. The quantities of matter in any two 
primary planets are greater in proportion as the cubes of the numbers 
representing the mean distances of their satellites are greater, and also In 
proportion as the squares of their periodic times are less. 

Note 134, p. 55.~A8 hardly anything appears more impoesible than 
that man should have been able to weigh the sun as it were in scales 
and the earth in a balance, the method of doing bo may have some 
interest. The attraction of the sun is to the attraction of the earth, as 
the quantity of matter in the sun to the quantity of matter in the earth: 
and us the force of this reciprocal attraction is measured by its efl^ts, 
the sjiace the earth would fall through in a second by the 8un*s attrac- 
tion, is to the space which the sun would fall through by the earth's 
attraction, as the mass of the sun to the mass of the earth. Hence, as 
many times as the fall of the earth to the sun in a second exceeds the 
fall of the sun to the earth in the same time, so many tiities does the 
mass of the sun exceed the mass of the earth. Thus the weight of the 
sun will be known if the length of these two spaces can be found in 
miles or parts of a mile. Nothing can be easier. A heavy body falls 
through 160697 feet in a second at the surface of the earth by the 
earth's attraction ; and as the force of gravity is inveisely as the sqvare 
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of the distnnce, it is clear that 160097 feet are to the space a body would 
fall through at the lUxtunce of the sun by the earth's attraction, as the 
square of the distance of the sun from the earth to the square of the 
distance of the center of the earth from its surface ; that is, as the square 
of 95^000,000 miles to the square of 4000 miles. And thus, by a simple 
qaestion in the rule of three, tlie space which the sun would fall through 
hi a second by the attraction of the earth may be found in parts of a 
mile. The space the earth would fall through in a second by the nttrac- 
doa of the sun must now be Arnnd in miled also. Suppose m a, fif;. 4, to 
be the arc which the earth describes round the sun in C in a second of 
time, by the joint action of the sun and the centrifugal force. By the 
eentrifugal force alone tlie earth would move from m to T in a second, 
and by the sun's attraction alone it would fall throujzh T n in the same 
time. Hence the length of T n in miles is the space the earth would fall 
through in a second bv the sun's attraction. Now as the earth's orbit is 
very nearly a circle, if 360 degrees be divided by tlic number of seconds 
in a sidereal year of 365^ dayti, it will give mn, the arc wliich the earth 
moves through in a second, and then the tables will give the length of 
the line T C in numbers corresponding to that angle; but as the radius 
C n is assumed to be unity in the tables, if 1 be subtracted from the 
number representing CT, the length of Tn will be obtained ; and when 
multiplied by 95,000,000 to reduce it to miles, the space which the earth 
falls through by the sun's attraction will be obtained in miles. By this 
simple process it is found that if the sun were placed in one scale of a 
balance, it would require 354,936 earths to form a countcriwise. 

Note 135, p. 58. The sum of the greatest and least distances, S P, 8 A, 
fig. 13, is equal to P A, the major axis ; and their difference is equal to 
twice the eccentricity C S. The longitude T S P of the planet, when in 
the point P, at its least distance from the sun, is the longitude of the peri- 
helion. The greatest height of the planet above the plane of the ecliptic 
£ N n is equal to the inclination of the orbit P N A « to that plane. The 
longitode of the vlanet, when in the plane of the ecliptic, can only be the 
kmgitude of one of the points N orn ; and when one of these points is 
known, the other is given, being l&P distant from it. Lastly, the time 
Uutludeid between two consecutive passages of the planet through the 
■ame node N or n is its periodic time, allowance being made for the recess 
of the node in the interval. 

Note 136, p. 59. Suppose that it were required to find the position of 
a point in space, as of a planet, and that one observation places it hi n, 
^. 34. another observation places it in n', Fig. 34. 

another hi n", and so on ; all the points ,y 

a, «', »", n'", &c. being very near to one 
another. The true place of the planet P 
idl! not differ much from any of these 
poktiona. It is evident, from this view of 
the subject, that Pn, Pn', Pn", &c. are 
the errors of observation. The true posi- 
tion of the planet P is found by this prop- 
erty, that the squares of the numbers 
representing the lines P n, P n', &;c., when 
added together, are the least possible. 
Each line P w, P n', &c. being the whole error in the place of the planet, is 
made up of the errors of all the elements ; and when compared with the 
errors obtained from theory, it affords the means of finding each. The 
principle of least squares is of very general application ; its demonstration 
cannot find a place here ; but the reader is referred to Blot's Astronomy, 
▼oi. ii. p. 303. 

Note 137, p. 61.— ^a axis that, ire. Fig. 20 represents the earth 
MMa 
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n!VO^lirLr>iS[ tn tt^ nihU qbaul: the sua 8^ ih& fljili gf rotation P ji beitng wetf^ 
wliejtf puimUcl to itself* 

KoTK ]i3^T p. 6L— .f]«/fv/ar vfltKttiet thfil Are sensiilf unifi>rm. Tim 
ennli and pluiieti fevulve 0t>niit their ujies wUH Afi cqiiiible maiiDn^ whicli 
ia nevf r eSUiflh fuMiei ur nlumpr. For example, tlic l^ngtJi of llie d«y is 
Dever mure ncir let-s ibiui twenty- fi-iur hours. 

^'OTW ISD, p. fi4. If fig. 1 be tine moon, hor polar dfninetet N6 1b the 
fthorti^t; nnd ^^f iho^t^ itt the ptane of the equator, QB*^, thut which 
puiatB to ttie earth is greater ilian a[i the cEhem. 

NoTR 140^ p. m.^IfivcrMffifpTapiffli^ntiLA^Cr Thnt ifl, Uie total amoual 
cjf wilBr rmilittdiiti. Jjecoiaei lena wn tiio iiUinPf alia C C% fig- ^ of the nuth'J 
orbit b^'coiuca (greater. 

Not If HI * p. TO. Fijif. 35 reprrHonli th« *' 

podUInn of ihfl ftijpiireiit mrbii c*)'^ the inn 
afl It \fi at prM^iHTtn the enfth iieiuf io E« 
The film k nearer to lEie earth in moving 
tlLruug:li ^:^ P T t thDii in iiiQiIng thrnug^h 
T Aii^ hut iifi moiinn ihfOMgh i^PT ^ 
li ninf« rapid ttiaa ^t% motion through 
T A=^ ; nnd ob the Bwiftness of the mo- 
tiOQ find the i{unotily of h«at received 
vary in tha mma propottioDH a eonxpenta- 
lloa takes pioce^. 

NoTK 142, PkTJ,— /ji as eiiip^^id of retfoiutittnj lig, l^ tlie polar diametcT 
N3 and cvei^ dlametfcf in the equator ^ECld Hre jieftniiin£:at tuxm of 
rotat^oa, but the roLBtlon would tte uiiitnblo About any otlier- Were the 
^Tth to begin m rotate RboiztCo, the ang:ulnrdletftnce frorr* a to the eqim- 
tor St f woiiiil tio tOD|!(^r \x Diof^ty defcree;^, wliich waald tm imm^diatelr 
deiefited by the change It wnu1:d occnslgn in the latitudes, 

NoTi 143, pp. Sa, 75. Let ^ T Q. and E T «, fig. 11, be the pian<a of tluj 
eqttntriT and cclipWc The ar>pile e T H, which separmeo tiieni, called ihs 
ohUqully of the ecUptJc, varltia io cnnecquence of ihe action of ihf sid 
and itioon Mimn I he promberant nmttt^r nt the earth^s eqiinEor. Thai 
act inn bringB the po]ai Q toward ^^ and tend* to mctite the plAn^. q f Qk 
ralnclde wiiii the ecliptic E T f. which caosea the equSnoctial potiiH, T 
and ===, in niove alowly bncliwfird on the piane b T E at the nite of 5(l"'ll 
sonually. Thia pi^ri of the motion, which depends upon th€ form of tbti 
earth, ii cnlled ioni-SHuLar precdfl^lon. Anotivc^r parin totally lodep<>adeiil 
of the funn of the eaj-thf m\^% frmn the mutual acikin of the earth, 
pianois, ond tun, which, fltterinp the position of the plnne of the eeliptia 
e T E, eau%9 the eqainoctini points f atid ^^ to tidvaijce at ihe rale of 
0"-3l nntoiaily ; tarn an till* mtJtinn U mocii kswi than the rortneir, liw 
oqainortial |Htini» recede on ibi^ plnne of the ec:ii|]tVc ni the mte of 5(K'*1 
annually. This mrjtion ia called the precession of the equinuxes. 

Note 144, pp. m, 7tl. Let y T Q^ a T E, iSff, 36. Iw the pinnea uf the 
eqolnociinl or cete^ttnE equator and ecliptic^ aad p, F, their potes. Then 
euppckse p, the pole of thtf equator, to levnivie with a treinulou< or Tva^y 
jfiotlnn In tlui UUle elllpne js cdft In about Ifl ypare, both motioni being 
imry siiiEill, while die point a i« carried round in tha circle a A B in ^3,858 
years. The imniulottft mohiin nmy represent the hrilf-yenrly vnriniien^ 
ihe nuttSon In the ellipse jEiivesan Idenjof the autniinn di<icoveted h^ Brad- 
ley, anil the nmtlon in the circle a A U arises rmrn the precei^iion of the 
pquinoxe?. This e renter axln p d uf ihe amtill eliitise it* Ibt*' Si, it* mianf 
BUli be in 13" 74. Tbepe rti^itinns nro e?o small, that they have very licde 
effect on the parnUi^lisiu [>f the niciH of ihfl ctarlh> mtaiion duriii^ iis revfr 
lutimt round tbc buu, ita represented in &g. '2fi« As the ftari lirs fiicd, ihifl 
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real motioii in the pole of tiie earth muit cause an appaxent change in 
th^phtces. 

NoTK 145, p. 78. Let N be the pole, fig. 11, 0E the ecliptic, and Qf 
the equator. Then N»m B being a meridian, and at right angles to the 
equator, the arc T m is less than the arc T n. 

NoTB 140, p. BO.—HeliaetU rising of Siriu3. When the star appears 
In the morning, in the horizon, a iittle before the rising of the sun. 

NoTK 147, p. 82. Let P T A dHz, fig. 35, be the apparent orbit or path 
of the sun, the earth l>eing in E. Its major axis, A P, is nt present situate 
as in the figure, where the solar perigee P is between the solstice of 
winter and the equinox of spring. So that the time of the sun's passage 
through the arc T A :2s is greater than the time he talces to go through 
the arc :£h P T . The major axjs A P coincided with :£!: T , the line of the 
equinoxes, 4000 years before the Cluistian era ; at that time P was in the 
point T. In 6468 of the Christian era, the perigee P will coincide with 
:£=. In 1234 A. D. the migor axis was perpendicular to T :^ and then P 
was in the winter solstice. 

NoTK 148, p. Si.— At ths solstices, ifc. Since the declination of a celes- 
tial object is its angular distance from the equinoctial, the declination of 
the sun at the solstice is equal to the arc Q e, fig. 11, which measures the 
obUquitr of the ecliptic or angular distance of the plane T e:£^ from the 
plane TQ:^::. 

NoTK 149, p. 83.— Zeait* distance is the angular distance of a celestial 
olflect ftom the point immediately over the head of an observer. 

Note 150, p. Si.—Redmeed to the level of the sea. The force of gravita- 
tion discreases as the square of the height above the surface of the earth 
increases, so that a pendulum vibrates slower on high ground ; and in 
order to have a standard independent of local circumstances, it is neces- 
sary to reduce it to the length that would exactly malce 86,400 vibrations 
In a mean solar day at the level of the sea. 

NoTB 151, p. 84.— »^ quadrant of the meridian is a fourth part of a 
meridian, or an arc of a meridian containing 90^, as N d, fig. 11. 

NoTB 152, p. 86.— TA« angular velodty of the earth's rotation is at the 



ni« or l&fP in iwdr^ bours^ which li tlio iimfi included b^twosn tbi 
puaafca of Use Jiiwn nt ih« upper luiil iinder rnerldiiui. 

NoTK 153, p. 90.— [f S be tlie earlli, fig. 14, rf the Bun, and CaODtho 
ofbn of tfae mi^im, then C untl O nrc tfac^ jyz^'gieis. VVbeii tbe moon ta 
new tha ia al C. and wIi«d fuLi she l:i at O ; nn<l ua both ^un and mooD 
are then on the smne meridhin, ll occaaioni tbe spring -titles, ii l>emghlgli 
waier tit phiCC» under O ansl O, while U id low iflfater ut thme tinder Q, 
unci D. The neap-tide^ bapiien tvheti thf^ ntoon \v In qundratuffl at 4^ 
Of D, for then the is distant irom the siin by llic m^ls dBQ^ ^^idSD^ 
Qii£b af which ii) IH^. 

Nnri 154, pp. ffi>, 90,— i>pelt»ijtiafL It the eartb be In C, I5|p. liquid 
if f T U b^ the equlaucilali hhd N m 8 a niertdkAn, then in C n H the de- 
cllnatiun of a body ut n. Therefvfe Ute eoelne of that nbgle if Iha ecMooa 
of Itie dedliiatloii. 

Not* l^^ p. 91-— jtfiitfii j .*oitfArM#. Tho tiBie when ihe moon ii on 
the Jii^ridhm ofituy plnc^, which h&ppena uboui fony-<s%ht tnlziiitea later 
AVUry day. 

Ni3TE J^ pp, $3t 131.— F^. 37 nhfiWB the ptropsg^tio'ii of waves frooi 
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two points C and C, where stones nre supposed to have fallen. Those 
points in which the waves cross each other, are the places where they 
counteract each other's effects, so that the water is smooth there, while 
it Is agitated in the intermediate spaces. 

NoTK 157, p. 94.— TA* centrifugal force may, <$-c. The centrifhgal 
force acts in a direction at right angles to N S, the axis of rotation, fig. 30. 
Its effects are equivalent to two forces, one of which is in the directioa 
6 m perpendicular to the surface Q, mn of the earth, and diminishes the 
force of gravity at m. The other acts in the direction of the tangent m T, 
which makes the fluid particles tend toward the equator. 

Note 158, p. 101. — Analytical formula or expression. A combination 
of symbols or signs expressing or representing a series of calculation, and 
including every particular case that can arise ft'oni a general law. 

Note 159, p. 104.— P/atiita. The heaviest of metals; its color is be- 
tween that of silver and lead. 

Note IGO, p. 105. — F^. ?8 is a perfect octahedron. Sometimes 'ts an- 
gles, A, X, a, a, &c., are truncated, or cut off. Sometimes a slice is cat 
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off its edges Aa, Xo, •«,&«. Occaftknally both tltete modifieatioiui take 
place. 

^ Fig, 38. 




NoTC 161, p. 106. — Prismatic crystals of sulphate of nickel are some- 
what like fig. 63, only that they are thin, like a hair. 

Note 162, p. 106. — ZtM, a metal either foand as an ore or mixed 
with other metals. It is used in making brass. 

NoTB 163, p. IVJ.—A eub4)AK solid Jk ^^* ^• 

contained by six iriane square surfaces, 
as fig. 39. 

^;^. 39. 





Note 164, p. 107.—.^ Utrahedron is a solid contained by four triangular 
surfaces, as fig. 40 : of this solid there are many varieties. 

Note 165, p. 107. — There are many varieties of the octahedron. In 
that mentioned in the text, the base a a a a, fig. 38, is a square, but the 
base may be a rhomb ; this solid may also be elongated in the'direction 
of its axis A X, or it may be depressed. 

Note 166, pp. 108, 186. — A rh»mhokedron is a solid contained by six 
plane surfaces, as in fig. 63, the opposite planes being equal and similar 
rhombs parallel to one another ; but all the planes are not necessarily 
equal or similar, nor are its angles right angles. In carbonate of lime the 
angle C A B is 105O-55, and the angle B or C is 750*05. 

Note 167, p. 108. — Sublimation. Bodies raised Into vapor which iff 
again condensed into a solid state. 

Note 168, p. 109. — The surface of a n . R^^- '*^- 1 
column of water, or spirit of wine, in a 
capillary tube, is hollow ; and that of a 
column of quicksilver is convex, or round- 
ed, as in fig. 41. 

27 
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Nqtk 1G6^ p. 109. — Jnvitra^ ratio, &e.. Tlie elrratiaa nf the lipoid \a 
greater in proiioriLoo at tiie intemaJi diameter of ihe tutw U l^ss, 

NoTx IID, p. IlO.^In flf. U, ihe Ube ed HboWi d» dliKtioii of ihv 
K(iul(lt]]|( faTc« la ib« two t^airs. 

PToTK 17L p. llOr — When two plntc« of plasi are bjrouj^hi: rrear to one 
ajiDthe'i In waiert the Mqiiid rix^fi l^\vre&i them ; and If thei platinf touch 
fiacta vtli'^T lit cifie of their uiirtEbi edgea^ t^ie mtlline orth« water wih bn- 
eutue tt hyperbola. 

NoTi ni, p. lit— l-et A A', fii- *3, be two plates, both of which are 
vrat, ood B B , two that ore dry. Whea partly ittuaened Lu & liquid^ in 
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■itrfheo will Le curve d clMse to thejii, but will be of Kh usunl level for the 
rent of the dbctaQCe- At sucb a ctiHtiLace, they w\ii neither aitraci. nor 
jepel one anottafir. But m iiofia b« they are brQught near enitush U* hftVft 
tb« whole nf ihe liquid surface between them curved, aj Jo a a , & &\ they 
will riEih tcsgelher. If one be wet and another dry, as CC, they vnll 
repel one another at s certi^ln distance ; bnt as bcmhi ai they are broufkt 
tvry near, th^y willnuh together, as la the fonoer cam^. 

Note 173^ p- l^.— /^2;(wt A4?f](. Theru li a certaja quantity of hfliit 
la Bll bodies, which cannot be detected by the thermometer, hut whleli 
flmy become sensible by coDiprea^kon. 

Note 174, p. 131. — R^eted waves, A series of waves of light, sound. 
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or water, diverge to all directions from their orifin I, flg. 43, as from a 
center. When they meet with an obetacle 8 8, they itrike afalnst it, 
and are reflected or turned baclc by it in the same form, as if they had 
proceeded from the center C, at an equal distance on the other side of 
the surface 8 S. 

NoTC 175, p. laS.— £//i^<«M/ skeU. If fif . 6 be a section of an eilipr 
Heal shell, then all sounds coming from the focus 8 to diiferent points 
on the surfiure, as m, are reflected baclc to F, because the angle Tm B 
is eqiukl to f »F. Iq a spherical hollow shell, a sound diveigtog ftom 
the center is reflected back to the center again. 

Note 176, p. 130. Fig. 44 represents musical strtogs to vibration ; the 
Fi£. 44. 




straight lines are the strings when at rest. The first figure of the four 
would give the fundamental note, as, for example, the low C. The 
second and third figures would give the first and second harmonics ; that 
la, the octave and the 13th above C, una being the points of rest ; the 
fourth figure shows the real motion when compounded of all three. 

Note 177, p. 137. Fig. 45 represents sections of an open and of a diut 
pipe, and of a pipe open at one ehd. When soimded, the air sponta- 
neously divides itself toto segments. It remains at rest to the divlsiiHis 
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or nodes nn^.kjc^ but vibrates between them to the direction of the 
arrow-heads. The undulations of the whole column of air give the 
fundamental note, while the vibrations of the divisions give tiie har- 
nonics. 

Nora 178, p. 139. Fig. 1, plate 1, shows Uie vibrating surfhce when 
the sand divides it into squares, and fig. 2 represents the same when the 
nodal lines divide it into triangles. The portions marlced a a are to 
4lil|breBt states of vibration fkom those marlied b b. 
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NoT» ITP^ P^ 140. Platiw 1 mid % conlaio » f«w nf ChLndnri H^ehtcs. 
Tiie white linei. are lh« furms ft^uiued b^ the sftod, Dmn didereqi injxle* 
of ritjmtictnt eorrca ponding to oiiiaicaJ note* of di^rcni. d^grecii of pLtch. 
Flhie 3 contftini »li of Ctikadnrf tlreuUr li^ujes. 

^t'oTE IBO. p. H0« Mr. VV'liieii[Bton«''9 principle is, that whet) vtbr«' 
dans producioi^ the fmnti of f,^, I and. % pjatc d:, are united la the oame 
mHflCi?^ ttiey muke the Hnml anttiitit^ tlifi fuitn of fig^ 3^ In the saine 
inanii'er, Lho vibmUoTii which would seiNumtely eauie the annd to tn-ke 
lh« fiwm3 of fif>. 4 amd ^, would make U Bsiume the fonn of %. £ whan 
united. The iijrure ^ teBiilta lYonn thfi in<^es of vibmiion of 7 and & 
comtiinedt Thi3 parts mmrlted a a dine in diflerent fltntes of Ttbrnti^in fhmi 
lhos« maflEi^d frft, Flgi, I, % Rfid 3, plate 4, represent forjin whicli the 
^od iBlrei JD conaequedct? of sflmple RHT4le-«< of viljrntion ; 4 and 5 nje 
tho«« aJfiain^ from two coaiblneil modes of vibmtioD ; and [he jnst tii 
flguie* arise from four lupertinpoaed fllm|ii? modea of Tibration, These 
cofnpllcateii flgitrei lue determined by coniputoitiofl lndepe43de<mar expert- 
loent. 



Note IBl, p. 140.— The loutt erosi-Unes of fif . 
aiaa ^ nodiU. hne^ given by M. SKvan's lamUiic. 
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NoTR 1^ p, I41.—The BJiort llnfs ctti fl^. 46 ihow the poiltiosi of the 
n^al Mneii on ihQ othtr stdes of the xsme liimini&, 

NoTK 133, p, 141.--FI(!. 47 ffUe* the nodal Unetoii a cyltiid«F, wUb the 
paper rio^ Ih&t itiark the quiescent pdnts. 
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NoTB 184, pp. 133, 148, 149.— A^Mf iVm anij refraction. Let P C j?, 
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fig. 48, be perpendicular to a sur- 
face of glass or water A B. When 
a ray of light, passing through the 
air, falls on this surface in any di- 
rection I C, part of It is reflected 
in the direction C S, and the oth- 
er part is bent at C, and passes 
through the glass or water in the 
dU«ction C R. I C is called the 
incident ray, and I C P the angle 
of incidence ; C S is the reflected 
ray, and PCS the angle of reflec- 
tion : OR is the refracted ray, and 
;>ORtlie angle of refraction. The 
plane passing through S C and I C 
is the plane of reflection, and the 

eane passing through I C and C R 
the plane of refraction. In or- 
dinaiy cases, Ct, CS, C R, mvemO 
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fal die MUM plane. We lee the surface by means of the reflected light, 
whieh woala otherwise be invisible. Whatever the reflecting sarfkce may 
In, and however obliquely the light may fall upon it, the angle of reflection 
is always equal to the angle of incidence. Thus IC, V C, being rays in- 
cident on the surface at C, they will be reflected into C S, C S^ so that 
the angle SC P will be equal to the angle I C P, and S' C P equal to r C P. 
That is by no means the case with the refracted rays. The incident 
rays I C, r C, are bent at C, toward the perpendicular, in the dhection 
CR, C R' ; and the law of refraction is sucb, that the sine of the angle 
of incidence has a constant ratio to the sine of the angle of refraction ; 
that is to sav, the number expressing the length of I si. the sine of I C P, 
divided by the number expressing the length of Rm the sine of RCp, is 
the same for all the rays of light that can fall up«m the surface of any one 
aubstance, and is called iu Index of refraction. Though the index of re- 
fraction be the same for any one substance, it is not the same for all sub- 
stances. For water it is 1'336 ; for crown-glass it is 1*535 ; for flint-glass, 
1-6; for diamond, 3*487; and forehromate of lead it is 3, which sub- 
stance has a higher refractive power than any other Icnown. Light fall- 
ing perpendicularly on a surface, passes through it without being refract- 
ed. If the light be now supposed to pass from a dense into a rare medium, 
as from glass or water into air, then RC, R' C, become the incident ravs ; 
and in this case the refracted rays, CI, C T are bent from the perpendic- 
ular instead of toward it. When the incidence is verv oblique, as rC, 
the light never passes into the air at all, but it is totally reflected in the 
direction Cr'. so that the angle pGr is equal to pCr': that frequently 
happens at the second surface of glass. When a ray 10 falls from air 
upon a i^ece of glass A B, it is in general refracted at each surface. At 
C it is bent toward the perpendicular, and at R from it, and the ray 
emerges parallel to IC ; but when the ray is very oblique to the second 
surface, it is totally reflected. An object seen by total reflection is nearly 
ns vivid MM when seen by direct vision, becatise no part of the light is re- 
fracted. 

Note 185, p. 14S,—Mmoipherie refraction. Let ab, ah, fcc., flg. 49, be 
strata, or extremely thin layers, of the atmosphere, which increase in den- 



Fig.iQ. 




Aty toward mn, the surface of the earth. A ray cominc ftom a star 
Meeting the surflaice of the atmosphere at S, would be refracted at the 
Hurfice of each layer, and would consequently move in the curved line 
^e V V A : and as an object is seen in the direction of the ray that meets 
tb^ eye, the star, which really is in the direction A 0, would seem to a 
Nn 
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penoD at A lo t>e In i. So LhAi rcTraction^ ^hich nXwxym acts \n n vvrtt- 
cilL direciiO'fit ntUU'Ji objecia aliovR thnir tnie tilncfi. Fof tlidt fea^rm, m 
bndy ai a\ beJow ihe htj^riftfin H A D, wwiW be raiE«d. nnd woulil befe«Yi 
In jf*. Tli* fun is frequently viable by rfsfnictlmii iifter he ia set, ot before 
bd I^ r^n, I'jii^rf^ ib no refmcilon in ihe £euiUi At %. It iut! rentes n\\ 
the wny lo the hudziiMi, whei* Jt !■ greaifist ;he varlaikja being propor- 
tioDAl to the tPinRiini uf the angfe« ZA?i, Z A S\ the dSjitnucea of tb* 
bodies B B' Cmm the zdoiib. The more obkiqmriy ihe raj'i full the ercatar 
the refroci^oai 

Not* iSfii p. 149. — Bradliff*« vtethMi af aEcertajning fA* Amovnt t^ r*~ 
fraction. LgI Z, fig- JSO, be the zenith or point inuiiAdiaiel/ atmve bh 
JXfi-. 50. 



^ 



(Jtaierver lit A ; let H O be hb horfzap, and P tbe pnl« tif the cqutnoctijil 
AQ, fJence P A Q l» a Ttfht ani;lo. A star as n^Rr to ihe pole an # 
wcmlEl a Pillar u> rerotVB about It, in Nytiiequetice nf tLe rotatina of ihv 
earUi. At noon, for eianiplo, It wouid be at < above the pole, and m 
mtdni^ht it wonldt be in, s* below it. The lum of tlie true zenith 
dlstoiir^R K. A ji^ Z A a\ is ci^iiftl tci twira tJifl awgte Z A P. Agntn, S and 
W beine tho aim at hit ^m^lf^l difitimces frotn the equlnocyjil A U when 
In Ihff soliticeH, the itini of his true ienith dttftancea, Z A 8, Z A 8". Js 
equal to twice the angle Z A Q. Consequently, the four true zenith 
distances, when added together, are equal to twice the right angle Q A P; 
that is, they are equal to 18(P. But the observed or apparent eenith 
distances are leas than the true, on account of refraction ; therefore the 
sum of the four apparent zenith distances is less than l&fP by the whole 
amount of the four refracticms. . 

Note 187, p. ISQ.-^Terrestrial refraction. Let C, fig. 51, be the 
center of the earth, A an observer at its surface, A H his horizon, and 
B Sonne distant point, as the top of a hill. Let the arc B A be the path 
of a ray coming from B to A; E B, E A, tangents to its extremities; 
and A 6, B F, perpendicular to C B. However high the hill B may be, 
it Wi nothing when compared with C A, the radius of the earth ; Conse- 
quently, A B differs so little from A D that the angles A E B and 
A C B are supplementary to one another ; that is, the two talcen together 
are equal to 180O. A C B is called the horizontal angle. Now BAH 
is the real height of B, and E A H its apparent height ; hence refraction 
raises the object B, by the angle E A B, above its real place. Again, 
the real depression of A, when viewed from B, is F B A, whereas 
its apparent depression isFBEiSoEBAis due to refraction. The 
angle F B A is equal to the sum of the angles BAH and A C B ; diat 
19, the true elevation is equal to the true depcessfcxi and the hoiiaontal 
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Fig.^l. 




angle. But the true elevation is equal to the apparent elevation dimin- 
iflhed hy the refraction; and the true depresBion !■ equal to the ap- 
parent depreflsion increased by refiraction. Hence twice the refractioa 
is equal to the horizontal angle augmented by the difference between the 
apparent elevation and the apparent depression. 

Note 188, p. 151. Fig. S3 represents the phenomenon hi question. S P 
ii the real ship, with Its hiverted and direct images seen in the air. 




Were there no refiaction, the rays would come firom the ship S P to the 
«ye E in the direction of the straight lines ; but, on account orthe variable 
densi^ of the inferior strata of the atmosphere, the rays are bent in the 
carved lines PeE, PtfE, SmE, SnE. Since an object is seen in the 
direction of the tangent to that point of the ray which meets the eye, 
the pcdnt P of the real ship is seen at p and p', and the point 8 seems |o 
be in « and t' ; and as all the other points are transferred in the same 
manner, direct and bivtrted images of the ship aid formed hi the air 
lAovelt. 




LSlp Ftp- S3 mpnaenls Ilia 
er, wltli ttoe refmclioii pto- 
Dft air ■utrmihcURE H^ 






EUtd UiCo IL dAiH roo 



A ™y from ihe imi at 8, flf. 
abll round faoie H in n wlndo'W^ 
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•hatter, proceeds ki a straight line to a screen D, on which it forms a 
bright circular spot of white light of nearly the same diameter with the 
hole H. But when the refracting angle B A C of a glass prism is inter- 
posed, so that the smibeam falls on A C the first surface of the prism, and 
emerges from the second surface A B at equal angles, it causes the rays 
to deviate from the straight path S P, and bends them to the screen M N, 
where they form a colored image V R of the sun, of the same breadth 
with the diameter of the hole H, but much longer. The space V R con- 
rists of seven colors, — violet, indigo, blue, green, yellow, orange, and red. 
The violet and red, being the most and less refrangible rays, are at the 
extremities, and the green occupy the middle part at G. The angleD j^Q 
is called the mean deviatiim, and the spreading of tlie colored rays over 
the angle V^ R the dispersion. The deviation and dispersion vary with 
the refracting angle B A C of the pilsra, and with tbe substance of which 
it is made. 

NoTK 191, p. 159. Under the same circumstances, and where the re- 
fracting angles of the two prisms are equal, the angles DgG and V^R, 
fig. 54, are greater for flint-glass than for crown-glass. But as they vary 
with the angle of the prism, it is only necessary to augment the refracting 
angle of the crown-gIa«s prism by a certain quantity, to produce lioariy 
tl^ same deviation and dispersion with the flint-glass priani. Henaeti 
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when the two prisms are placed with their refraetlBK anKles in opposite 
directions, as in fig. 54, they neariy neutraiize each other's efiects, and 
refract a beam of light without resolving it Into iu eiementaiy colored 
rays. Sir David Brewster has come to the conclusion, that there may be 
refraction without color by means of two prisms, or two lenses, when 
properly adjusted, even though they be maite of the same kind of glass. 

Fig. 55. 



NoTB 19S, p. ISO. — The object- glass of the achromatic 
telescope c<msisu of a convex lens A B, fig. S5, of crown-glass, 
placed on the oamde toward the ofatJect, and of a concavo- 
eonvex lens C D of flint-glass placed toward the eye. The 
focal length of a lens is the distance of iu center from the 
point in which the rays converge, as F, fig. 60. If, then, the 
lenses A B and G D be so constructed that their focal lengths 
are in the same proportion as their disperrive powers, they 
will refract rays of light without color. 



NoTB 193, p. 102.— When a sonbeam. after having passed through a 
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c<4ored glaai V V% fig. 56, enters a dark room by two small slits 0(y in 

a eard, or pieee of Un, they produce alternate br%ht and black bands on 
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& pi^Mwi S S' JU a little dktance. When etther OfM 4»«iMr 4f (he iliei 
O or O' 111 sliittped, the (Inrk bands v&nlih. and th< HSIWII ItSlanditutcd 
ty M iinl^frm Mghi, {ifovIdk iliAt ihe tltirk bandi are prDdiiced li^' ihc In- 
tctfi'^rGiiict! orth-c two scL-i vf rayi. Afnin, i&t H nt, l\g. 57, be a bt'iiin of 
whitd Uflit pnisi^ing ttiMugfi a. bolii at Ut tnade with a (irte neeille In l 
|ik>c« Df lead or a ctrC aiid r«fceiv^d on a *Enen H E\ Wtiea & hair, ar 
ft uniiiliL 94 III.* of csird 4 A' obf.njt tl}« ^fl>th of nn incJi in breadth, ia held in 
the beam^ Etie rfiyi iifad miind on each aide of It, and, arrivae^f at the 
■crcf^a in diiTereni sttttc^ of vLbro^on, Inii/^rT^re and frurm a a«riei of cp- 
lf)f)e(i frkngc«8 on each lidA of a central wliJi« tianil m. When a piece of 
(Ard M j.nti?r|j<n«<tJ Qt €, so at to intercept ih{! ll£ht which passes on cine 
eida i>r tht half^ the cnl«)ri»i friniei vaniatii. Whea hninogniKMiUR llffat 
ki Uicd^ the fdoeefl are hmadeat hi red, aad, lt»ee^cae rtii.rnrwer fur e&ch 
eolor of the ipActrtun ptnitreartvely *o the vik:>tet, which givei the naj^ 
Foweit mod movt cn^wdad ifriBfet. l.liC4« veiy elcfaat I'jpejliuenta ua 
doe to Dkr, ThcHOM Touag* 

I^QTB 194, pp* 16S, IBL— Fie SB iihfiwi N<;wtoii'i rUig^ of wbidi there 
are M? Ten, farmed by ecrewlfog tw^o lease* of 
ifl&H ti^thcf. Provided ihe inckdeni tii^iii be 
white, thuf aiways fticceed each ulh«jr ill the 
following order: 

l*t ringt or firit Older D>f eoloa ■ Btack, verf 
foJnt blutt, lirillianl white, yellow, oruniis ted. 

■i^i rtagi Dark purples. Of raiher violet, blue, 
a VBTy imperfect yellow ireoji, vivid yeUow, 
criDiSna red, 

'M jing : FurvlBs blue, rlcb grtis ereaa, ^e 
yellow, plok. crtmson. 

4th ring : DiiVI htaiah green, pale yellow Lsh pink, red. 

&Ui ring: Pale bluish gnsen, white, pink. 

fith ring : Pale blue-greea, pale plok, 

7tli flOBf : Very pale bluish ereen, very pale pink, 

AAer the seventh ortlert Ihc Cf^lors beconie 1x)o faint tc» be aladn^rishtfl, 
Thfl rJngs decrease in bmndlh, and iho colorn be<:ome more erowifiMl to- 
geUiijr,aa they recede from I he center. When the li|h.tlii Uomite^ncnm^ 
the ringa aro'brnadcat in the red, and decreoie hi breadth With, eveiy 
feticcesalve color of llie apectnim to the violet. 

KoTE 19S, p. Itsa.— The absolutaj^ 
thlcknesi of the nim of air between ** 
the Kl(UfMia is foqnd as follows': — 'Let 
A F B C. fin. 5fl, be the section of a 
lens lyins on a plane surface or plate 
of fln4B PF, soea edgewise, and let 
E C i>e the dlam^eter of ihc iipherc of 
which the lens is a safrroeat. If A B 
be tbe dlnmeier of any one of Newton V 
Tiogi, and D parallel toC E, then B 
D or CF Is the ttiickncss of the aii 
produr ing It, E C is n fcnn wn q iiantl- 
ty, ani'l vi-hfr, A H Thf-^ iHiirnf-ier S;* 
jncuM'-.-.i V r ,-,; ■ •: [: ii jjrFC 
can be computed. Newton found that p 
the length of B D corresponding to the 
darkest part of the first ring, is the 
9e,000th part of an inch when the rays fall perpendicularly on the lens, 
and from this he deduced the thickness corresponding to each color in the 
system of rings. By passing each color of the solar spectrum In snccea* 
sion over the lenaes, Newton also determiaed the thiekneM of the film 
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rfajreoptipcwidlt Id wwli eolar, fnm tk« 
aieslwaytoribiMyMcolof witlitr ' 



NoTC lOOf p. 168.— Th« Ibcal length or distance 
of ■ Ifloe ia tbe distance firom its center to the pcrfnt 
F. fiff. 60, In which the refiracted rays meet. Let 
L LnM a lens of very short focal distance fixed in 
the window-efautter of a daric room. A sunbeam 
8L L% pasrtng through the lens, will be brought 
to a focus in F, whence it will diverge in lines 
FC, FD,and will fona a circular image of light 
on the opposite wall. Suppose a sheet of lead, 
havtaig a small pin-hole pierced through it, to be 
placed in this beam ; when the pin-hole is viewed 
fkom behind with a lens at E, it is surrounded with 
a wiies of colored rings, which vary In appear- 
ance with Hie relative positions of the pin-hole 
and eye with regard to the pcrfnt F. When the 
hole is tbe 90th of an iilch in diameter and at the 
distance of 6i feet from F, wlien viewed at the 
distance of 34 Inches, there are seven rings of the 
followiag colors : — 

1st order: White, pale yellow, yellow, onmge, 
doll led. 

Sd order : Violet, blue, whitish, greenish yellow, 
fine yellow, orange red. 

3d order: Purple, Indigo, blue, greenish blue, 
brilliant green, yellow green, red. 

4th order : Good green, bluish white, red. 

5th order: Dull green, lUnt bluish white, fhint 
red. 

6lh order : Very faint green» very fUnt red. 

7th order: A trace of green and red. 



Nora 197, p. 168.— Let LL', flg. 61, 
be the section of a lens placed in a 
window-ehtttter; tlurough whieh a very 
small beam of light S LL' passes into 
a dark room, and comes to a fbcus in F. 
If the edge of a knife K N be held in 
the beam, the rays bend away from it 
in hyperbolic curves Kr, Kr, kjc. in- 
stead of coming directly to the screen 
in the straight line K E, which is the 
boundary of the shadow. As these 
bending nys arrive at the screen In dif- 
ftrent states of undulation, they inter- 
Ibre, and form aseries of colored fHhaes, 
rri, Ace. along the edge of the shadow 
KE 8 N of the knife. The fUnges vary 
in Iweadth with the relative distances 
of the Imife-edge and screen from F. 
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NoTi 19&* Pr 171. Pig. 43 rcpreflents tlie ph(*iiomeiiii in qncflllon, «rlierp 
8B [« (het Borfnce, utd t the rci^ter of incldtot wnven. Tli« relftectei4 
Whv«s are the dufk lioet Fetuming triward I, wh!ch btc the same aA If 
tkvy had ^iginat^d in C on the other side of the curHiCfl. 

Nimt 100^ p> nX Fig. ^ f epreienla a priBmAlic ctyiil&l of toiirmn- 
llaet whPW asN Is A^. The ttices that are mcil for poiaiizing light are 
emixmlliiL la AX. 

J^;^. m^ Mff. S3. 
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Norr 300, p. 175h— />oii*ff nriraffioii. If a pencil of Ifiht, Rr, fig ^ 
tMt iqKi'ii a rjiDQiboliedmn of Jqeinnd apar, A u X C, it is sepamied into 
two «q4iftl iiei^cktit of light al r, whifrh lire ri'fracted \n ihc direttiona rO, 
rE: when these arflvp at O and E thev nre again tefmclfld, und jkSBH 
Intf] the air in the dlrfsciiona O d, Ed, p£urflLlel lo aae another and ta the 
Incideur rny Er. The ray rO I* refracted nccordtog to tht urdlnary law, 
which iJi, tlml the flne« of th& nngins of incidence and rerractioR li«ar a 
ecmeiAni ratio to one another r>cfl Note 184). nod ihe raya Rr, rO, O* 
liJfe nil in the smme piane. Thft pencil r F, on the conilrarj.% is tieol navdfl 
out of diat plane, and ila refraninr] i\<>r^ i-m imII ■1.^ «tc i ..rsr-jE]! mtio 
of the sines; rE is therefore called the extraordinary ray, and rO the 
ordinary ray. In consequence of this bisection of the ligl^t, a spot of ink at 
O is seen double at O and E, when viewed from r ; and when the crystal 
is turned round, the image E revolves about O, which remains stationary. 

NoTK 201, p. 176. Both of the^ parallel rays Oo and Eo, fig. 63, are 
polarized on leaving the doubly refracting crystal, and in both the parti- 
cles of light make their vibrations at right angles to the line« O0 E0. 
In the one, however, these vibrations lie, for example, in the plane of the 
horizon, while the vibrations of the other lie in the vertical plane per- 
pen<Ucular to the horiaum. 

Note 202, p. 177. If light be made to fall in various directions on the 
natural faces of a crystal of Iceland spar, or on faces cut and polished 
artificially, one direction, AX, fig. 63, will be found, along which the 
light passes without being separated -into two pencila A X is the optic 
axiSr In some substances there are two optic axes forming an angle with 
each other. The optic axis is not a fixed line, it only has a fixed direc- 
tion ; for if a crystal of Iceland spar be divided into smaller crystals, each 
will have its optic axis ; but if all these pieces be put together again, their 
optic axes will be parallel to A X. Every line, therefore, within the 
crystal parallel to AX is an optic axis ; but as these lines have all the 
same direction, the crystal is still said to have but one optic axis. 

NoT« 203, p. 178. If IC, fig. 48, be the incident ahd CS the refiected 
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mys, then the particles of polariaad light make their vibntkms at rlftit 
aaglei to the plane of the paper. 

NoTB 9D4, p. 178. Let A B, fig. 48, be the surface of the reflector, IC 
the incident, and CS the reflected rays; then, when the angle SC B is 
570, and consequently the angle PCS equal to 33°, the black spot will 
be «een at C by an eye at S. 

NoTS 905« P* 179- Let A B, fig. 48, be a reflecting surface. I C the inci- 
dent, and CS the reflected rays; then. If the surface be plate-glaas, the 
angle S C B must be 57^, in order that C S may be polarised. If the sur- 
face be crown-glasa or water, the angle S C B must be SUP 55' for the first, 
and S3P 11' for the second, in order to give a polarised ray. 

NoTC 908, p. i80i A polarizing apparatus is represented in fig. 64, 
where B r is a ray of light failing on a piece of glass r at an angle of 57^, 



Fig. 94. 
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the reflected ray r « is then polarized, and may be viewed through a piece 
of tourmaline in «, or it may be received on another plate of glass, B, 
whose surface is at right angles to the surface of r. The ray r« is again 
reflacted in «, and comes to the eye in the dlrectfcm « E. The piate of 
mica, M I, or of any substance that is to be examined, is placed between 
the {xrfnts r and a. 

NoTK 307, p. 182. In order to see these figures, the polarized ray r«, 
llg. 64, must pass throiigh the optic axis of the crystal, which must be 
held as near as possible to « on one side, and the eye placed as near 
as posRible to « on the other. Fig. 65 shows the image fonned by a 
crystal of Iceland spar which has one optic axis. The colors in the 
rings are exactly the same with tho« of Newton's rings given in Note 
194 and the cross is black. If the spar be turned round iu axis, the 
rings suffer no change ; but if the tourmaline through which it is viewed, 
or the plate of gloss B, be turned round, this figure will be seen at the 
angles Oo, 90°, IttP, and 270© of its revolution. But in the intermediate 
points, that % at the angles 45P, 135P, 2S5P, and 315°, another system 
will appear, such as is represented in fig. 66, where all the colors of the 



Vig, 65. 
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nT tbif fl<]bcliu» about the fkh or etii of an iDch ttalck, cut perpeniiicit' 
Inrly ta the nxlt of the jifiam, and pli]c:«fd very n^ar rcp #, %, fiH, fo tbat 
tJie pularJEiKd ray rM fimy pAsH ihroirpli Si, exhibiti iht* nysteni of rtngi 
rc-presenretl in 8g. 67+ where the fHiinUi r arnl C tiiiirk the prwiikim nf the 
0|iiic aien. Whea Ibe fkloto B, 11^. 64, Li> iurm;d rmind, ibe 
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dwDCM snceestlvely to thMe given in fin. 68, 09, and 70. The colon 
of the rings are ihe same with those of thin plates, but they vary witli 
flie thieicneas of the nitre. Their breadth enlarges or diminishes also 
WiHi the color, when homogeneous light is used. 

NoT> 909, p. 183. Fig. 71 represenu the ap- F^. 7J. 

pearanee produced by placing a slice of roch: ~ 

crystal in the polarized ray r«, fig. 64. The 
udfonn color in the interior of the image de- 
pends upon the tlUclmefls of the slice ; but 
whatever that color mav be, it will alternately 
attain a maximum brightness and vanish with I 
the revolution of the glass B. R may be ob- | 
served, that the two kinds of quartz, or rock 
corstal, mentiooed in the text, are combined in 
the amethyst, which consLsts of alternate lavers 
of right-handed and left-handed quartz, whose 
planes are parallel to the axis of the crystal. ' 

NoTC SIO, p. 187. Suppose the major axis A P of an ellipse, fig. 18, to 
be invariable, but the eccentricity C S continually to diminish, tlie 
ellipse would bulge more and more ; and when G S vanished, it would 
become a circle whose diameter is A P. Again, if the eccentricity were 
continually to Increase, the ellipse would be more and more flattened till 
C8 was equal to C P, when it would become a straight line A P. The 
circle and straight line are therefore the limits of the ellipse. 

NoTB 811, p. 187.— The colored rings are produced by the Interferenee 
of two polarized rasrs in different states of undulation, on the principle 
•xplahied for common light. 

Note 212, p. 217. — If heat from a non-luminous source be polarized by 
reflection or refraction at r, fig. 64, the polarized ray r« will be stopped 
or transmitted by a plate of mica M I under the same circumstances that 
it would stop or trananit the light; and if heat were visible, images anal- 
ogous t6 those of figs. 65, 67, Ate. would be seen at the point «. 
. NoTS 213, p. 219.— The Rev. John Buchanan, of Charleston, South 
Carolina, has recently shown, by ingenious experiments, that the vulture 
Is directed to his prey^ the sense of sight alone. 

NoTS 214, p. 267.— The class Cryptogamia contains 0ie ferns, mosses, 
Ainguses, and sea-weeds : in all of which the paru of the flowers are 
either liule known or too minute to be evident. 

NoTB 215, p. 260.— ZoopAttef are the animals which form madrepores, 
corals, spongea, Ate. 

NoTB B16, p. 969.— The Saurian tribes are creatures of the lizard or 
orocodiie kind. Some of those found in a fossil state are of enormous sizo. 

P 

NoTB ttl7, p. 315.— When a stream 
of positive electricity descends from P 
to n, fig. 72, in a vertical wire at right 
angles to the plane of the horizontal 
circle A B, the negative electricity as- 
cends from n to P, and the force ex- 
erted )^ the current makes the north , 
pole of a magnet revolve about the "^(^ 
wire in the direction of the arrow- 
heads in the circumference, and it 
makes the south pole revolve in the 
opposite direcUon. When the current 
of positive electricity flows upward 
ifoiD » to P, tHese emcta are reversed. 
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,^ Note aiS, p. 3ia.--Fnf, 
^~- t^ rcpreBvnti a hcHr Of 
colli of ei>pp«r w\K^ lerinU 
iialM by two cupi cni}* 
biUking A littf« qiMekifUv«r. 
When the fiotiitjve wint 
of a VoltAlc Intiery ia Im- 
merBed In the cup p^ and. 
Ibe ite/nt&ve t^ire Id (he 
cup m, the circuit is com- 
plcietl. Tbe C|«iick«lv«!r 
lD«ur%4 the crtnnffctMjn between th« b&iteiy add llie helix, hy codfcjIdi 
the clBciriciiv ffum the one to the ntb«r. While ihe eieciricUy flowi 
through the belli, ihi; magnet S N rttnaina eu^pended wUbiu it, but MU 
dim' n the WHimcnt ii eeanBti. The mnitnei ftlwaj"* lurtis ils «ouib pole S 
inwnrd F the positive wLm of the batteiytDiid its nwUi, pole tow&rd the 

Mqte 'ii% p~ 31&r^A copper wire c^itefl in thci fnmri reprneated In %. 
■*3, h (in tloclro^iiymiinit csiinnJer* When fla ^mtromiitiei I* iirtd n «« 
eoiiiie>cied wtih Ua^ iMv^itiveaisd oefntlve^ jpriles of A VoltflLic bQtlery, it bf^ 
ociineA n IHjrfeci nia«i>et liufbg llie lime that n current ©f electricity ia 
flD^-inj; ibrnufh it, I' mid » beii^g itii nrmli aiul south ]}ole». There ue 
a VBfiely of romif Dftlllt ipparatsia. 

NoTi 330, p* 330.— Ifl %. 14 the hypofboU » P V, the paraboin p ? R, 
II nd ib« «lb|i9i3 A EP U hnve the Brtnie fcteal distance i r„ And coiEicldc 
throuf b h uninJl aiubce ufl ench «ldi* of the perihehDn F ■ Aad u a ccmiet. 
In nn\y vL^lbte when noar P, It ^ dUfieult to siOfrtslii wh\£h oT (lie thiw 
cMirvfia Jt iDuvfiti ilii* r., -^ 

Mf . 74. 




NoTK 23t, p. 343.— In fig. 75, E A repretentt the orbit of Barley's 
comet, BT the orbit of the earth, and S the son. The proportions are 
very nearly exact. 




NoTK 233, p. 360.— Fig. 74 pepresents the curves in question. It is 
evident that for the Mime focal distance S P, there ean be but one drcie 
and cne parabola j» P R, but that there may be an infinity of ellipses be 
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tweea the eirele and the parabola, and an infinity of hyperbolaa H P 7 
exterior to the parabola pvK. 

NoTS S33, p. 37J .—Let A B, fig. 96, be the diameter of the earth*! orMt, 
and sapnoae a itar to be seen in the direedoo A 8' from the earth when 
at A. efiz montlu'afterwaidt the earth having moved throogh half of 
its orUt, would arrive at B, and then the star would appear in the diree- 
tion B 8', if the diameter A B, as leen from 8', had any lensible magni- 
tude. But AB, which is 190,000,000 of miles, does not appear to be 
greater than the thiclcness of a spider's thread, as seen firom 61 Cygni, sup- 
posed to be the nearest of tlie fixed stars. 

Note 234, p. 373.— The mass is found in the manner explained in Note 
133 ; but the method of computing the distance of the star may be made 
more clear by what follows. Though the orbit of the satellite star is 
really and apparently elliptical, let it be represented by CD O, fig. 14, for 
the sake of illustration, the earth being in d. It is clear that, when the 
■tar moves through C D O, its light will talEe longer in coming to the earth 
from O than from C, by the whole time it employs in passing through 
O C, the breadth of its orbiL When that time is known by observation, 
reduced to seconds, and multiplied by 190,000, which is the number of 
Biles light daru through hi a second, the product will be the breadth of 
the orbit in miles. Fibra this the dimensions of the ellipse will be ob- 
tained by the aid of observation, the length and position or any diameter, 
as 8 j», may be found ; and as all the angles of the triangle dBp can be 
determined by observation, the distance of the star from the earth may 
be computed. 

Note 225, p. 376.— One of the globular clusters mentioned in the text 
is represented in fig. 1, plate 5. The stars are gradually condensed to- 
ward the center, where they run together into a blaze somewhat like a 
snowball. Tbe more condensed part is projected on a ground of irregu- 
larly-scattered stars, which fills tbe whole field of the telescope. There 
are few stars in the neighborhood of this cluster. 

Non 226, p. 378.— Fig. 2, plate 5, represents one of those enormous 
rings in its oblique position. It haa a dark space in the center, with a 
small stMT at each extremity. 

Nora SS7. p. 378.— Fig. 3, plate 5, may convey some idea of the ring 
in the constellation of tbe Lyre mentioned hi the text 

Note 228, p. 378.— This most wonderful object has the appearance of 
fig. 4, plate 5. The southern head is denser than the nortnem. The 
light of tMs object is perfectly milky. There are one or two stars in it 

Note 229, p. 378.— Fig. 5, plate 5^. represents this brother system. 

Note 230, p. 379.- Fig. 6, plate 5, represents one of tbe spindle-shaped 
nebulB. 

Note 231, p. SBS.—Elonfaitmi. The apparent angular distance of an 
ol^t ftom the center of the sun. 
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ABBSRATioif of light, 9a. Note 08. 

Absorption of solar light by the at- 
mosphere, 152. 

of light by colored media, 155. 

not inconsistent with the undu- 

latory theory, 171. 

Acceleration in the mean motion of 
the moon, 36. 

of Encke's comet, 346. 

of Bieta's comet, 347. 

Accidental colors, 150. 

Achromatic telescope,150. NotelOS. 

Action and reftction, 5. Note 10. 

of light on the retina, 172. 

Adhesion of glass plates, 101. 

Affinity, chemical,, 103. 

Air, atouMpherie, analysis of. 111. 

Airy, Professor, his determination of 
the inequality of the earth and 
Venus, 25. His experiments on the 
motion of polarized light through 
quartz, 186. 

Algae, or sea-weeds, their distribu- 
tion, 267. 

Algol, a variable star, 364. 

Allutzen, the Saracen, observed the 
effectt of refraction, 150. 

Altitude, the height of a celestial 
body above the horizon, 148. 

Ampere, M., his theory of electro- 
dynamics, 310. 

Analogy between a stretched cord 
and the interference of light, 188. 

between the difierent rays of 

the solar spectrum, 220. 

between light, heat, and sound, 

230. 

Analysis 2. Note 3. 

Analytical formuls, 101. Note 158. 
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ining the properties of polarized 
light, 180. 

Ancient chronology, 82. 

Angle of position of a doable star, 
366. 

Angular motion of the earth, 86. 

Note 152. 
— velocity, 61, 86. Notes 80, 138, 
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Angular motions of the first three of 
Jupiter's satellites, 28. Note 80. 

Animal electricity, 290. 

Animals, distribution of, 260. 

Annual equation, 34. 

Anomaly, mean, 37. Note 106. 

Aphelion, 16. Note 65. 

Apsides, 0, 16. Notes 40, 66. 

, motion of, 15. Note 67. 

Arabian science, 24, 37, 85. 

Arago, M., his experimeAts on pola- 
rized light, 187, 101. His observa- 
tions on the temperature of the 
earth and the air above it, 250. His 
discovery of electricity from ro}Ar 
tion,325. His Treatise on Comets, 
347. On theprobability of the eanb 
behig struck by a comet, ib. He 
proves that comets shine by re- 
flected light, 350. His estimate of 
the number of comets, 300. 

Arc ofthe meridian, 46. Notes 1S4» 
125. 

Arcs a measure of time, 20. Note 76. 

Areas proportional to the time, 8. 
Note 41. 

Armature, a i^ece of solt iron con- 
necting the poles of a horse-shoe 
magnet, 324. 

Artesian wells, 213. 

Assyrians made use of the week of 
seven days, 80. 

Astronomical tables, 57. 

, data for, 57. 

eras, 81. Note 147. 

Astronomy, physical, 3. 

of the Chinese and Indians, 83. 

Atmosphere, analysis, and pressure 
of, 112. 

— , the law of its density, 112. 
— , the eflfect of beat on, 113. 
— , the extent of, 113. 
— , oscillations of, 115. 

— of Uie moon and planets, 238. 

of Uie sun, 238. 

of comets, 351. 

Atomic weiKhts, 102. 

Attraction of a sphere and spheroid, 

of the earth and moon, 4. 

of the celestial bodies, 5. 

, universal, 5. 
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CapHlary attracdoD of plates, 111 et 

teg. Notes 171, 172. 
Center of gravity, 4. Note 10. 
ofihe solar system, its motioii, 

7,23. Note 83. 

of the aniverae, 23. 

Centrifugal force, 5, 84. Notes 18, 

157. 
Chaldeans, thefar observatioas of 

eclipses, 35, 37. 
Chemical rays of the solar spec- 

tnuii,207. 

, transmissioa of, 807. 

Chemical affinity, 103. 
Chinese science, 83, 85. 
Chladni, his experiments on vHwa- 

ting plates, 140. Note 179. 
Christian era, 80. 
Chromatype, 196. 
Clairaut, hiscorapatationof the dis- 

turliances of Halley*s comet, 342. 
Cleavage, 107. 
Climate, 253. 

, stability of, 2fl2. 

of the planets, 238. 

Climates, excessive, 261. 
Coal measures, their eariy forma- 
tion, 70. 
Cobalt, a metal, its polarity, 305. 
Cohesion, 96 et »eq. 
Cohesive force, the intensity of, 104. 
Cold at Melville Island, 241. 
Colladon, M., his experiments on 

sound under water, 129. 
Collision of a comet, 72, 347. 
Colored media, their actioa on light, 

155,169. 

fringes, 162, 168 et »eq. 

Colors, prislfiatic, 154 «e »eq. 

, accidental, 159. 

, complementary, 160. 

" of the stars, 374. 

Columbus discovers the variation of 

the compass, 305. His account of 

the Gulf-weed, 267^ 
Coma Berenices,- the constellation, 

nebuls hi it, 374. 
Comet, Halley's, 341. 

, Lexers. 340. 

- — , Encke's, 345. 

-*— , acceleration of a, 345. 

, Biela or 6ambart*s, 347. 

, shock of a, 348. 

of the year 1680, 348. 

Comets, 337. 

, orbits of. 339, 350. 

• — , fall of, to the sun, 350 
— ^, masses of, 353. 
, tails of, 354. 



Comets, nebulosity of, 358, 35A. 

, light of, 357. 

, number of, 360. 

Compass. See Mariner's Compees 
Compression, 4. Note 11. 

of a splieroid, 6. 

of the terrestrial spheroid, 38, 

48,49. Note 31. 

of Jupiter, 7, 61. 

of a fluid mass in rotatloa, 38. 

Concentric hollow sphere,its attrae 

tion, 4. Note 8. 

elliptical stmta, 44. Note 120. 

Cone, 5. Note 22. 

Configuration or relative position of 

Jupiter and Saturn, 24. Note 85. 
, of Jupiter's satellites, 27. Note 

88. 

of land and water, 258. 

Conic aecUons, 5. Note 22. 

Conjunction, 24. Note 83. 

^ contemporaneous, of plaaeia, 

41. 
Connection between the Variatioos 

of the eccentricity and apsides^ 

17. 
Connection between the varlatlomi 

of the nodes and inclination, 19. 

Note 75. 
Convexity of the earth, 50. 
Codrdinates of a planet, 10. Note 

56. 
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76. 

of latitude, 45. Note 123. 

Cook, Capt., the ol^t of his first 

voyage, 58. 
Cordier, M., on the heat of the earth, 

242. 
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magnetic currents, 328. 
Cryptugamia, 267. Note 214. 
Crystalization, 105. 
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Note 132. 
- — of the ionoOD, 4, 33. fitm 17. 

, |ierihel)oiit 10. Note 57. 

fit tb^ fbLed man, 54, 31^, 

may ba found I^khd iha maltlr 

pte systems,. 370^ 

r laaar, 37. 

= , iavejse Bqo/im of llie, 5. Note 

23, 

, iteaiih, 83. Note 149. 

DlgturLiug fomc, 14. Not€ €3. 
^— of ike mt\ 34, 78v Nole 101. 

ofihe piftaeti on the mo{in,35i. 

of iba jnoon on tJie eiwth^ 74, 

of tbe tntHJu tm b&rseLfj 35. 

Di vision of tiaie, 73. 

"- — ♦ d^imolt ^5*- 

ENfl»sreJnor. M^ bit erperiinenta &a 

the coinbujtioa of piayniLt 104. 
DoljoDcI, Mf,, Jiii ncbfomailc telei' 

scope, InQ* 
Df^ubic refracilan, 175. Not« ^SOO. 

Duniop, lJi\r.^ hJi catalogue of dotiUa 

iitQfa, 363. 
Dupcireyt (.<apmla. hie detenniaa 

t]Qn of tbe magnetic eqoatar^3U^. 
Dosejcjiirr M,^ pmvoit that a comoE 

canaol ronidiiD Long near the enrth^ 

33fl. 
Dyiianiiea, the seiifnce of fwce and 

inoiiont 306. 



Bailh, form of the, 5, 43. 

- — , frftiH Arcs*, 45. 

— , from pendlliutb^ 47. 

^ from lunar ihoiirj'^ 39. 

— , fruin pmcesaioo and ntntntlflD, 

50. 

T fjToni 1*1" meaij of ail , 4»» 

— -> mean dlanieti]t.4;'LTcomferenee, 

polar ftad equajorial radius of thVi 

47. 

, dcnaiiy of ihe^ Sfl, 73. 

^", Internal Klructuru of thOt "H- 
™-, central heal, aiiiL tem^wraiunr 

of the, 07 rt SBf., 241 t£ jj»^. 

^, mafneiiiaii of the, 3iM}. 

— , magnetic by indqciioa, 330. 
- — f roLKikui of lli», Sa& Komliua. 
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Barthquakes, 348. I 

, noisp of, 13:i. 

Echoes, 132. I 

Eclipses of the mn, 40. Note 1 14. I 

of the moon, 39. Note 100. | 

——of Jupiter's satellites, 29. Notes 

93,94. i 

of the planets, 41. j 

EdipUc, 8. ' 

, plane of, 10. 

, secular variation of, 19, 75, 77. : 

Egyptians, their year and week, 80. 
Elastic bodieo, vibrations of, 135 et j 

aeg. See Vibration. 
Elasticity of the atmosphere, W2 et ] 

•eq. I 

of matter, 96. 

Electric induction, 276. 

intensity, 277 et teq. 

tension, 278. 

clouds, 281. 

currents, 291, 314, 319 et trq. 

and magnetic currents, 319 et 

$eq. 

machines, 333. 

Electricity, common, 271. 

, eflects of, 282, 286. 

, sources of, 271, 280. 

^ atmospheric. 281. 

, velocity of, 284. 

, Voltaic, 290 et seq. 

, animal, 299. 

, thermal, 328. 

by rotation, 325. 

producing; rotation, 316. 

of metallic veins, 332. 

, magneto, 322, 

, identicRl with mngnetisni, 325. 

, identity of all the kindn, 3.16. 

Electrics and non-electrics, 271 et 

seq. ^ 

Electro-mngnetism, 314. 

magnetic induction, 317, 318. 

magnets, 317. 

dynamic cylinders, 319. Note 

219. 

dynamics, 319. 

Elements of the planetary orbits, 9. 

Note 57. 
, how founded from observa- 
tion, 58. Note 135. 
Elements of paral>olic orbits, 339. 

of stellar orbits, 364. 

Ellipse, a conic section, 5. Note 24. 

, the limits of, 187. Note 210. 

ElIi|)soid, oblate and prolate, 4. 
Note 9. 

. of revolution, 44. Note 1 19. 

, terrestrial, 49. 

29 



Elliptical or true motion, 8. Note 
39. 

Encke, Professor, his determination 
of the orbit and motion of the 
comet named after him, 346. Of 
its acceleration, 346. And of the 
orbit of the star 70 Ophiucbi, 367. 

Epoch, the, 10. 

, longitude of the, 10. 

Equation of the centre, 9, 34. Note 
48. 

of time, 78. 

Equator, 4. Note 11. 

Equilibrium, stable and unstable, 18. 
Note 60. 

Equinoctial, 9. Note 46. 

Equinoxes, 9. Note 46. 

Era, the Christian, 80. 

Eratosthenes measures a degree of 
the meridian between Syene and 
Alexandria, 48. 

Ether, its nature, 171. 

Ethereal medium, 21, 97, 171. 

, temperature of, 2:W. 

, resistance of, 337. 

, vibrations of, 171, 193, 194. 

, elasticity of, 31: Note 99. 

Eudoxus describes the state of the 
heavens about the time of the 
Trojan war, 84. 

Evection, a lunar inequality, 34. 
Note 103. 

Eccentricity, 9. Note 52. 

, secular variation of the, 17. 

of the orbits of Jupiter's latel- 

lites, 27. 

of lunar orbit constant, 36. 

of the terrestrial orbit diminish- 
ing, 19. 

of the terrestrial orbit, its rarla' 

tion the cause of the acceleration 
in the moon's mean motion, 37. 

Expansion of substances by heat, 
222. 

Extraordinary refraction, 150. 

ray and image, 173. 

F. 

Pall of heavy bodies, 6, 49. 

at the surface of the sun and 

planets, 56. 

Fall of meteorites, 381. 

Faraday, Dr., reduces the gases to a 
liquid state, 99. His causes of 
affinity, 103. Ills experiments on 
spontaneous combustion, ih. His 
theory of the aurora, 289. His 
views of electro-chemical decom- 



bn tbe tninstfil«*lon nf elucifitliy, 
» SSfSv Bv jwud ucei rotaUjry inolicm 
\ by lire decvri€ furce, Ltl5. HU 
expC'rlm&iitfi DD iiiuf;n(!to«'lt!ctri 
cMy^ 3^ ll« prov'«» ihts Itlenitiy 
of the electric nod iDAgbietic Qiuds, 
^. His cjxpinnatioi] uf frlftctrict' 
ly QVtilveil by ToinUofi, 3*25, HE* 

the [tii]titUt>n <if terrenlrUl lusg- 

In l-btt aiirtbt 333- On Tbf eii'<jlu- 

(Hy of tills tlJOurent klmla of ekc- 

trffity. yjJG. 
Foyt''iii i4>mei^ 34 L 
FtfMll«f, Dr., kit fiilgimtiOA, :£b3. 
Filtiire of ihe eanh. Seo Karlti* 
FiuiJi. Uic otutnlationn ui\ 93. Note 

- — -p c^piipT^sfliou uf, D3, 

— ' — , crijillliirj" aitnicilnu of, 111. 

Tocal distance, 5. >iott! ^. 

length of a kn>. Note IfflKi. 

Focr f»f RJi ell 1 ill*', J. NoLP SEi. 

Furbtiit, Pn&feBsof. ills e^periquents 
C^ heal, palajixuejoQ vi\ *I\M- On 
thtj Ueat of jnofifltight. 238. His 
f;xi[Wriirmnl» diirliig tlic nnnukr 
eel tpHie of Ihs suti, KlB; 

Fore^ the utikuowm muia of luo- 
lioa, 4 ft pafifiim. 

* ^protHikrtionfil iiJV<?[ociiy,i. Note 

arr. 

, gravltfttid^, (L See GmvHa- 

^, contdrui^al, 5, 43* Notes 18, 

117. 

, Qiolcculnr. 96e 

^ clecuic, 214. 

iiif Mf:tiiiimg. S?'2. 

Forces whlcii fi\ the nalnra of tht 
conk sections In wlikh the plau- 
I'ta mill (tiHuet^ move, 3(SU. Not« 

F*i!*t4Ji', Crtt»t., r^innrkM on lh« iTli»r- 
DQ^ ivlth wbick ^nuud b trftoi- 
mi tied over icv^ 130. 

Fourier, M.. ht*. eBiinntte of Ihe tem- 
]ieraturii of spnc^, '^0. Oa titti 
d^rL^ase of ctJDTml hetic, ■^JiS- 

Fox, Mfm on ibe iij[op«?raturo of 
ni^nRft, 243, On tlio 3a,\v nf ratify- 
neitk iiHenstUy, 3(tt^, On CHrjeiii^ 
offfU'ClJ-idlyUJ meintlic S'«los,339. 

FVfinNliti, Blr JftUii. hiw obserTOlinna 



on the tf mpcraSttre of the Arrtle 

iiB|e^{in«, 300. 
Friiutihofer^ Prc^fes'^^or, hip ilnrk liiiH 

in the sol&r «|)eeiritf!i, 157. Bit 

BrAm HpK-ctrum, HI'S. 
Fjt^iael, H'^prnvijs tbc extraordiim. 

ry ray to b« wiintljig hci 9i.^ie sub- 

circular and eUiptkal polarisa. 

tion, IBS ; tind oil ligbl pfiHltti 

thrviigb the ajtis of quaitx* J^. 

On the tnti-rfer^ace of KehL, liSw 
Frifi^ei of G<ilior uboiit ckciiiair aper 

turi% IG!^. Nute ItNS. 
Fiilt:wH«t^ 3P3. 
Fiiuihyuentul iialifi hi musi£, 13& 

|j0katq of vibrKtiug bdflleii, 14^. 
GnlvuftL, ProfesKOTf his dlJoCivfuy 

Gajubait, M.. liil* ccimpntntion of 
the elements (»f « i^maiH. 347. 

Qikidti4it, Mjt,, oil the roufigimLiiuu 
of land Einil iv'iiter, 2M. 

Gny-LtMijtNft, M^ Ihin Inwofthe oom- 
bintttloii of £ai>E!s, 1V&. lijt u%th 
rii]ition*of the length of n ftash a^^ 
nghttilng, 2Si!: 

OeiisiiDiits, Af., hSii ohi«nmtJiQD« on 
the hvAi of lulDcs, ^2. 

frSeiWHzlieT. Sir Cbrtrles, on bothenniil 

Gitki^s ImviiTaiCMlito to JietiL, 510 tt 

prlfloi, 153. JffHe llM). 

- — , ejruwp and fllnti i^roperlies of, 

— t giulaiizin^ nngJe of^ 170^ NVHi 

— , vltimtiohs nf, 141. 
Goodrkkf!, yi; his opminn or rarin- 

l>lo starK, 3G5. 
GrnhrEiOv bis cympensiilioii penflii- 

luiri, £S4> 
Gmvlrotioti, 3, 44. N^ole 5. 

, terreslrifl], 4. 

, decrcij^tfl ftiiiii Ihcpuie-v lAiiu* 

oqiintor. 44. 
, the Ipteni^tiy of, 4. Notu 13. 

— j^tf the (jlfmeti iind lateHiif^, 5. 
PTfite ^, 

^ iinEversnU G rf grg. 

, the naiiire of, 3^. 

— profwirtlrninl to the miistt, Sw 
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Gravitation, a consequence of elec- 
tric action, 97 et seq. 

Gravity, the direction of, 43. 

Great inequality of Jupiter and Sat- 
urn, 24, 83. 

Great comet of 1843, 350. 

Grimaldi, his discovery of colored 
fringes on the l>orders of shadows, 
1G9. 

Grylli, grasshoppers, crickets, lo- 
custs, &c., 125, 126. 

Gyninotua elcctricus, 2$)9. 

H. 

Haidinger, M., his experiments on 
crystalization, 105. 

Hull, the first to construct an achro- 
matic telescope, 159. 

Bailey's comet, 341. 

Uunstein, Professor, discovers all 
substances to be magnetic in a 
certain position, 305. 

Ilarmunic divisions of a musical 
string, 134. 

divisions of a column of air, 

137. 

Harmony, 136. 

Harris, Mr. Snow, his experiments 
on electricity, 276 et seq. 

Harrison, Mr., his compensation pen- 
dulum, 224. 

Hearing, the extent of, 126. 

, experiments of Dr. Wollaston 

on, 125. 

, experiments of M. Savart on, 

126. 

Heat, theory of, 206. 

, transmission of, 208. 

of various kinds, 210. 

, solar, transmission of, 313. 

, maximum point of, in solar 

spectrum, 214. 

, polarization of, 215. 

, analogy between light and, 

218. 

• , radiant, 220. 

, expansion by, 222. 

, propagation of, 225. 

, latent, 227. 

, application of, 229. 

, supposed to consist of undu- 
lations of the ethereal medium, 
230. 

— — , solar, 231 et seq. 

, quantity of solar, 252. 

, quantity of solur lost and gain- 
ed by the earth, invariable, 261. 

, central, of earth, 241 et seq. 



Heat, superficial, of earth, 253. 

, distribution of, 253. 

, influence of, on vegetatton, 

262. 

Height of atmosphere, 114. 

of Udes, 91. 

of mountains, 7. 

Heliacal rising, 80. Note 146. 

Helix, circular and elliptical, 186. 

Henry, Professor, his temporary 
magnet, 317. 

Herschel. Sir William, his discov- 
ery of the satellites of Saturn and 
Uranus, 32 ; of the rotation of Jor 
piter's satellites, 65 ; of the calo- 
rific rays of the solar spectrum, 
199. H is observations on the point 
of maximum heat in the solar 
spectrum, 214. His account of 
tile nucleus of the comet of 1811, 
352. Number of fixed stars he 
saw in one hour, 361. His cata- 
logue of double stars, and discov- 
eiy of the binary systems, 365. 
His observations of ir Serpentaril, 
and of I Orionis, 368. On the 
motion of the solar system, 370. 
His observations on the Milky 
Way, 374. On clusters of stars, 
375. On the nebuliE, 376. Hto si- 
dereal astronomy, 381. 

Herschel, Sir John, his estimation 
of the thickness of Jupiter's ring, 
62. He ascribes the decrease of 
the earth's temperature to the se- 
cular variation of the eccentricity 
of the earth's orbit, 70. On the 
decrease of heat in the northern 
hemisphere, ib. Proposes the use 
of equinoctial time, 81. His re- 
marks on the clearness of sound 
during the night, 130. On thun- 
der, 132. His discovery of two 
new prismatic colors, 156. His 
argument in favor of the undula- 
tory theory of light, 169. On the 
phenomena of polarization of 
light, 172. On polarizing appa- 
ratus, 183. His discoveries in the 
photographic spectrum, 197. On 
the discontinuity of calorific spec- 
trum, 206. His discovery of the 
parathermic rays, 231. His tbeory 
of volcanic action , 249. Su pposea 
the ether may be in motion, 350. 
On the contraction of the heads 
of comets, 356. On the gravita- 
tion of the binary qrstems, 369. 
His estimation of the distances of 
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the Qxfd Blnn, ib, tie Diiuvt * 
n tu r, ^^. H i: B nccou u L of Ihti «tnr 
A I pnt^ ^HU. JJeifffii i o ea ihe elllp- 
t^ul nii>UHtt?i c>r tiittary sysieiuf, 
367, DfitemjintMi Ihu orbit of > 
Viffirtl*. iA. Ailds la die ti^tu- 
tcifue or doublQ fltmr^t 30^. On 
(lie CO I of or ihfi *lfir«» 374- On 
clusl^rB of iftnra^ ik Qd tlie ne* 

tbnehei. Mt«t CbT<»liD€. her i^iaer- 
vntl^Nii! of Enctce'fl cori«i. 714^. 
Her tainl-o^iici nf neliulFn ^0» 

Bipvi^Lias Anti DtJiiced tlie contract 
tlqii of c^nieU in itppmncliljig tha 
Kitit 3M. TI}Oiii>it be 9SkW tbe 
tilinHA of n tome u 357^ Menttont 
& varfisliW Btar, 364 Hi« oilier- 

I AtppoTcbuB tll«oov<>^r« proffHtsino, 7,1 
I U In c« I nHogu f? of stam. 363. 
|»HoiiiiU|!efietxu Itfhi^ 154. 

Eori^onmJ.r<!rnicltock39. PiotelJ^. 
— — . pm nil I HI of the woon, 51, 

litiiiiboldt, I1n.miL. hk obstrrvntkoniq 
im llie (^ulf-!9M¥nu], M. Efftxls 
fit the mrity of thi]p nlr on^ 114. 
Hbi yb!ifirvarko»$ *>n the traii«ini«- 
flLon of «ound, 13tl, On ihe lecu- 
fif^ri^tiire of ntincji, 242. On Hie 
ilksiribinloh of l)e£iV'A'i4. •tHtflMi- 
tuaieal nh^t^nnniia, 206. Oo tltt* 
dlfltribiifSLin (►(' ^jbinls, ^7. On 
ibe G uJ [ vv wnJ., "12("t?^, I J is nbstT^rpiii- 
tionK on [eimAtrisI muKn^iJiKnj, 
33U. 

HurriGnni^ law^a of, 119. 

Huyeens, hL^ uaduLaury Iheoury of 
iluht, ItlS. 

Byperbolii, V2. Note 3S!, 



Ilin Jnnii, hlBobfer^Btloas. fiS. 
tee, Ut drHibie rtfrnciinn. i77. 
— ^ ascfiU ftij iifdsiitxJiHE ti^t 183. 

iin|)ermei9.bto by Vol Laic else- 

trieity, 2fli. 

Iceberffs ^b^fieJ froQi iha potes, 95. 

collUlou or, a cau^ u! light, 

Ici'tnnd spnr* n c-urbonnte of JlmUi 

llM fiffm, 175- N«Ue 106. 
' ■ n doubly refnictlng SLibitai3<%, 

170. Kiite-aim. 
^ — useful u an finah'^ng pJale, 



kelBiKl (tpnr % Rifstlivie cryet&l, 177. 
Image fnua a cry»lat wUb one 0|i' 

tic niK li^. Note 'JSn^ 
— ^ f/oni tt crystal wiih two opiia 

[uipf:iiis, n force pmportianBl to the 
timid Htid Uie iKitmrfi nf itie ve- 
locity of the Ktrikhif IxNly cctn- 
joiQUy, 131^ 

lnipotidt;-nibi,e &g<^in(9t 33t}. 

liiaciive lines in phoiographlc vpec- 
trufli, i!04. 

liicnn niton of plttj:ietEiry (»fbLl% 9, 
Note 5:1. 

- — varloilan of, 1ft. Note 72. 

tndiofls, tki« Lunar tablea of, 6^ 

Iii€qurjLiiUt.>4- £Mi^ PifTbirbttikiafi. 

la&^is. the ditiiibuUon of^ S70. 

lnten«Hy «r |lf hL 104 

ofiounil, IH 1301 

of ftsvlMticiji, 4. 

iBiBjf&9B^ ai wnveK, 9*2. Nobfi 147. 

-of tidet ttt B«J|:$ba^ in 'J'oaquki, 

03. 

— — ofnound, J33. 

of tifbi, 16U 1S7. NoicM 193^ 

21J. 

Iiiieninj heiit af the ftArdi, a7, ^t 
cC *«?. 

£tjncture of Uws earlht 74 

— litjucmre of Jupiter, *28, 57. 

utrnCtlMe L^f Sulum ajid Mnr«, 

57. 

Invttrfable pinne of tlici aolnr eyKt^ui, 
2!i Noti? BO, 

, poiiLiiiCL ui', *t. Note tiK 

— - (jf tbf^ uflivcnip, 'jn. 

In VGRc ^Liaro yT dls ta n re, 5. Ncrfe 

-^ — c ube of dlfltittic^^ 55. Nntii 1 j9. 

ri«ii. Lta Diti^nrtk pMiperties, ati5, 
327. 

[sf^ij^iHiLbentitil lines, 30^L 

fsoujorpbbrii, [ii6. 

LaoLhermni iineii, 2:iO, 

[viiry, Mt., his deLcrnUnatlots of ibfl 
form of iJic tL'rrvsirinl ^ithf^ni^il, 
43, 47. Hi* forniukE fifr baro- 
Jiieiflcnl nieomrenienifi. H3. Cm 
I ihe dl»tribu trail of llw ekHrk tla 
id, 'J70. 



Jews tuscd the week of wvi*ti dara, 

Jovtal ByslentH ihe mnw i^f, ,'i5. 

■Tiilian C&lendnr, m 

Jitpiter, the tomprt-winii j>f, OS. 
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Jupiter, magnitude of, 56. 

, muss of, 55. 

, rotation of, 61. 

, precession and nutation of. 28. 

, in conjunction and opposition, 

30. Note 96. 
and Saturn, their theory, 34. 

Note 84. 
Jupiter's satellites, theory of, 36. 

, masses of, 26, 54. 

, orbits of, 36, 27. Notes 86, 87. 

, law in the mean motions and 

mean longitudes of, 28. 
, synodic motions of, 29. Note 

92. 

, eclipses of, 29. Notes 93, 94. 

, confia^uration of, 27. Note 88. 

, effect of Jupiter's form on, 26. 

, secular varintions of, 27 et geq. 

, periodic variations of, 28. 

, effects of the displacement of 

Jupiter's equator and orbit on, 28. 

Note 90. 

, rotation of, 65. 

, libratiou of, 64. 

K. 

Kater, Capt., determines the length 
of the seconds pendulum at Lon- 
don, 84. 

Kempelen and Krntzenstein, their 
speaking machine, 147. 

Kepler discovers the form of the 
planetary orbits, 5. Note 26. His 
laws, ib. 

Kupfler, M., his observations on the 
isothermal lines, and the poles of 
maximum cold, 261. Discovers 
a nocturnal variation in the com- 
tiass, 303. 



La Grange, M., proves the stability 

of the Solar System, 22. 
Lalande, M., his computation of the 

contemporaneous conjunctions of 

the planets, 41, 
Lnmincc, vibrations of, 140. Notes 

181, 182. 
Lnmouroux, M., on the distribution 

of sea-weeds, 267. 
Languages, collation of, 270. 
, vocnl articulation of, imitated 

by machines, 147. 
La Place, the Marquis, his determi- 
nation of the invariable plane, 22 ; 

and of the great inequality of Ju- 



piter and Batunir 24. Proves that 
the lunar perigee and nodes are 
not affected by the resistimce 
of ether, 36. He discovers the 
cause of the lunar acceleration, 
ib. His theory of spheroids, 43. 
He ascribes the motions of the 
planets to a commtm orij^nal 
cause, 61 . Proposes the year 1250 
as a universal epoch, 81. Quota- 
tion from, 82. Proves the Indian 
tables to be as recent as Ptolemy, 
83. Proves that the discrepancy 
between Newton's theory of the 
tides, and okMervation, de^iends 
upon the depth of the sea, 86. On 
the utility of investigations of 
cause and effect, 90. On capLlla* 
ry attraction, 109. On the oscil- 
lations of the atmosphere, 115. 
On the comet of 1770, 33a Oo 
Halley's comet, 342. On the ex- 
tent of solar attraction, 344. On 
the comet of 1682, 357. On the 
origin of the Solar System, 377. 

Latent heat, 236. 

Latitude, terrestrial, 4. Note 11. 

, celestial, 9. Note 54. 

, square of the sine of the, 47. 

Note 126. 

Length of a wave, IM. 

of the seasons variable, 69. 

of the day invariable, 66. 

of the civil year, 79. 

of the Egyptian year, 80. 

of a degree of the meridian, 

46. 

of the pendulum at London, 

84. 

of the tails of comets, 355. 

Lens, 159. The glasses of a tele- 
scope and of spectHcles are tenses. 

Leslie, Sir John, his theory of the 
internal structure of the globe, 73. 
On radiant heat, 207. 

Level of the sea, 84. Note 150. 

Lexel, M., his comet, 340. 

Libration of the moon, 64. 

of Jupiter's satellites, 64. 

Light, 148. 

, velocity of, 31. 

, reflection and refraction <^ 

148, 170. Notes 184, 198. 

, analysis of, 154. Note 190. 

, absorption of, 154. 

, intensity of, 164. 

, dispersion and deviation of,- 

1,58, 191. 

, propagation of, 164, 171. 



i&4 



. d1[firiii!tioa of, 168. Notea IfltS, 

^^ of KKn Bnd niooD, S3Q. 

of cotnotst ^7. 

T iicfltra erf', on retina, 17^ 

, eluciric, 21fl. 

^» eaiaLiniijiK ibeory oH llil, 

-«- — y undulDlnry theuayufiiiSSlff jfi^, 
^f objKUnn$ in tbc uDdulfttnfii' 

theory "fi rMnriv"<«d. lOO. 
-> Ipn|{1h and fntiquc ncy of the 

tiniitilattuflfl of, 14} [. 
Ligliiiiliig and its eiUfe^cla, Qi^ 

. ilii vclwltj', 384. 

Lint!n or the second nrdift err eoalc 

sectitmi, A. Note *J3. 

itr Tin viiritiU4ii\. 3ftl* 

— - rif j)r>rfM)<tUHl Rnti^w, 250» 

■ , SriUgi^Dthf^riiiiU, 332. 

t^w^iutten lerjtvtrial„ &, 30, 4L 
Noiaa II. 05. 

— , eet«ilDl , fl. Note 47, 

orpvilhelirsd, 1*. 

— — nfjiodjem, 10. 

- — nf epoch, 10. 

Lunar ibtfori'. 33* 

ineqiiilltl^, M. 

- — " BcUpses, 3fl. 

diirtftnce, 42. 

sphcrotd, 04. 

Lunnr orbii, 33, 

, eccL'ntricityDuiil InctlnBtlnn qf^ 

conatantn 35. 

, nutatioQ of, 39. 

Lj-elk Mr., tm tdc nsmpemiure of the 
Hfjriborn heDiifipbervr, Td, Kin es- 
timate of Ihe nunibar of volcanic 
enipilonB, tM4k 

M. 

BlackliPtnsh, Sir Jnincis^ a qUrHtUtinn 
fpam hks '^fi«n<srftl VJevv of the I'm- 
prei» of £ilii(^I Phikifiopby/' I. 

Miqnei», 305. 

T leni[Kjniry, 317 it sf-q. 

MofrneUc mGrhrinn, 3(!L 

- — polnrity uf am vnrih, 301. 

dip and tgiiuidr, 30L 

— — poles. :K10. 

ii]t4:n^iiy ufibe earth, 33S. 

iniJucLkon, 30a. 

force, WR. 

— ^ rtiiid, 306. 

and olecirtc r»»rceis. 3it». 



Magi]<^ti«in In i^nemt ^)5. 

— ^^ ofdilTereiil $tnbafHific;iE!:!t>i 3fl5, ' 

— - and elcclricUj- idemictt4,, 333 

ortbo rtin and ptAneLi, 334, ■■ 

— ^. termatrlal, WQ, 330. 

Major iiKia of an elll p.9e. Nutf^ *23, 

" of an orb'il, 8. Note 4:2. 

, Recnlar motion nf, I". 

" — of plJinomry orbits Invati&blfl 

ta len^h, 19. 
^nliiSt M., hia diacovery nf tbe P'*' 

lartKiiliuii of [\ght, IHf}. 
74 im kind id«nticfil In f^pcde^, 3T0. 
]MlnrcQL, M., OD the lenipuniure of 

mi AneBlnn well. Mi. 
Marco Polo flitdit a Oif^ulty nf kla- 

dljni^ flfH At i^ntwt heijchiF^, 1 14. 
MflHne plunta. tbeir dlsiribiction. 

Mariner"^ cftrnpo**, 304. 

, vojiailrtfi *jf 301, 

Mnf» eel f|i!«ed Jnptter, 41 

■ , elhnrite nf, *i20. 

Mftsd, 0, Nine 37. 

of tbe^un and phn«t«, 5G. 

of Jupiter's Bntnllites, 5&, 

of tht^ moon, 5S. 

iif Jiipilef hod the Jovinl ^|m- 

of conieu, 3ort. 

MathpmnttCAl and Mfchankml Set- 

cncei, 3. Note ^. 
M titter, pnspkrtion of, tn wmy iwo 

p4n riots, STv Niite 133. 
^ , thi; n Hi mute pAftlclei of, 9ft et 

^— , ihc attTaclk>ri of, 4- Note ^^ 

, St>i d'tlfn^lon in wpuce. 391, 

AtRiimtim Kf|iiarep, 5S. Note 139. 

{loint of buiLl m aolnr fl|]C£iriim, 

214. 
Mnyer, ?kT.» bts CJitalofite of fiiaiA, 

Mean limc, 73* 

.^ distance, i. ;^ote 41. 

mt^tloUi 0. NoTefl 43, 45. 

Lnncitiidi'r H. Nirtis 47 ► 

inritEiias nod nji\|iDr axis, their 

constancy, 1#. 
ninLionJ of Jnplter and Sntiira, 

law cif, 34. 
— ^ timtlQnsofVtnustt'ndilifeiirth, 

35. 
motiao^ nf Jii|Ttter'ej sale] 11 1«^ 

law nf, 3". 
McBiiires, vtntJdnrdj' nf, i)4* 
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Melloni, M., \m experiments on the 
transmission of caloric, 308 et aeq. 

On the point of maximum heat on 
the solar spectrum, 215. 

Mercury, the planet, rotation of, 60. 

, climate of, 240. 

Meridian, 46. 

, mensuration of, 46. Note 134. 

, form of, 47. 

, quadrant of, 83. 

Messier, M., on I^xel's comet, 340. 
Was the first who observed 
Encke's comet, 345. 

Metals, dilatation of, 223. 

Meteorites, 381. 

Meteors and shooting stars, 382. 

Metre, a French measure, 84. 

Mica, its action on light, 180, 181. 

Milky Way, 54, 374. 

Mines, temperature of, 242. 

Minor axis of an ellipse, 5. Note 24, 

Mirage, 151, 152. 

Miraldi, M., discovers the rotation of 
Jupiter's fourth satellite, 65. 

Mitscherlich, Professor, on crystali- 
zation, and the effect of heat on 
crystaline bodies, 105, 106. His 
theory of isomorphism, 107. On the 
expansion of crystaline bodies,224. 

Molecular attraction, %. 

Molecules, or ultimate particles, 101. 

Moll, Professor, his temixirary mag- 
nets, 317. 

Momentum of the planets, 13. Note 
59. 

Monocotyledonous plants, 267. 

Monsoons, 118. 

Mooo, theory of the, 33. 

-. , i)eriodic and secular iierturba- 

tiou of, 34 et seq. 

, action of planets on, 35. 

disturbs her own motion, 35. 

, acceleration of, 36. 

, periods of her secular inequal- 
ities, 37. 

, mean anomaly of, 37. NotelOG. 

, form of. 64. 

, mass of, 55. 

, rotation of, 63. 

, libration of, 64, 65. 

, constitution of, Go. 

, light of, 239. 

, atmosphere of, 238. 

, phases of, 38. 

, eclipses of, 39. 

, orbit of, 33. 

— , nutation of, 38. 

and earth's reciprocal attrac- 
tion, 5. 1 



Moon's southing. 91. Note 155. 

Moorcroft, Mr., his botanical obser- 
vations, 265. 

Moser's discoveries, 233. 

Mos.sotli, Professor, his theory, 97 
et seq. 

Motion, mean, 9. Notes 43, 45. 

- — , true, 9. Note 44. 

of solar system, 6. 

of translation and rotation, 6, 7. 

of solar perigee, 81. 

of lunar |)erigee and nodes, 37. 

of ether. 350. 

Mundy, Captain, his observatioiu 
on mirage, 152. 

Musical sounds, 125. 

instruments, 137 et aeq. 

strings, vibrations of, 134 et »eq. 

Note 176. 

N. 

Nature, la\Vs of, 386. 

Nebulffi, 376. 

, forms of, 377, 378. 

, stellar and planetary, 379. 

, constitution of, 380. 

, distribution of, 380. 

Nebulosity of comets, 352, 357. 

Nebulous stars, 379. 

Needle, the magnetic, 300. 

, the dipping, 301. 

Newton, Sir Isaac, on the attraction 
of spheroids, 4. His discovery tk. 
gravitation, ib. Of the laws of 
elliptical motion, 4, 22. On the 
figure of a tluld mass in rotation, 
43. His theory of the tides, 86. 
His analysis of light, 153, 154. His 
theory of light, 161. His rings, 

165. Mensuration of his rings, 

166. His scale of colors, 167. 
Nickel, sulphate of, its pn>perties, 

lOG. Note 161. 

Nodal points ofvibratmg strings and 
colunms of air, 134 et seq. 

lines in air, 144. 

lines on cylinders, 141. 

lines on surfaces, 138. 

Nodes, ascending and descending, 
10. Note 55. 

, motion of, 18. Note 73. 

connected with the inclination, 

19. 

Norman, Robert, discovers the mag- 
netic dip, 305. 

Nutation of earth's axis, 76. Note 
144. 

of lunar orbit, 7. Note 35. 



NiitndDa, reciiirocAl, nf eiirlli Had 

lunnr orbit, 7, Nmfi33. 
, elTeels of, 73. 



Obltttc fpheroid, 4. Note 9, 
ObUqult^ of ihfi ecUptlc, % 31. JitAe 

Ala. 

, ite vnrlallHri and limits 33, 

Occulta tinn of piui^et* and ilni^ 41. 
Ou^AQ^ tidca ot, #0. 

, ciTects oft oil grnvitatiodiT 50. 

» density of, 50, 

, iticnn ilejith of, 86, 

, eiabimy of, m^ 

— — , £iirreut« la. 0&. 
Octahfldrons, 105. Notcn in<K 1^< 
Of iTEted, Prat^s&m^ Mm disco vej-y of 

eIcctJthi:na.^TiPti»iiii 2W. 
Oiben^ M-. hi« obscr\'otir)ine of Blo- 

In'icoiiiut 34"; nuii of ihe comei 

ofian, 333, 
Oljiirftpd^ Praff!9!K}r|, na tfae sbmUiiift 

ata R of I be 13th of Novo m heff 3SS. 

OpUq flxS« of a crjrstal, la, Nole 

Orbit of a pliiJMH, E. 
— — of coaioL'j, 2SU. 

of bint^ry sy*tsiiis, 305 ei »f^. 

" of cdp&iial bodiej, 30U. 

— -» ^Icju^iiLiH of nUt 10, W7, 
Ordinary rt*friiclk>ii, 148. Note 1S4, 
^— mvt 175, 
Oacilloliotis, 3, Ntiie 4, 

ofitieiicoiti. B6. 

^— of ihq po nd u J Lini. 49. Note ] 37* 
* of the Qtinoaphf^FO, 115. 



FAClfOc Ofc&ii, tbe of igla of the Met, 

m. 

Pullnii, iui size, M. 
Parahnla, ^i. Noie 2-X 
Paritbeilk i;|tiiMC:n)!^, 339. 
Parci line tic JiiulLnn. 370. 
Parallas, 51, Notea 123^ Isffl. 

, horizon IelI, 5i, 

— of ibe aun. Mats, anii Vtjnus, 

5*. 53. 

of the iiiDon, 51 ■ 

, nnnnnl, 53, 371. 

PiLni 1 1 L'l lI i re CI li>n % 1 4 . S ate Ot. 

on ;m i tu flc , 17, Nnte U . 

Parolhtjrxnk my 3 of sular Hpeciimni, 

5.11 
Pftrry, Sii EiJivufil, his joiu-dey on 



the lea, OS. On (he cnlij nt Met- 
\ille blnnd, 311. Od Lh6 leiu- 
peramftf of the Arctic seuf,^ Wi^ 

ParticEea of tuutM^^ 4, M, Note & 

«Nbjert to gravltoLUnn, 4, 100. 

1 iiTx- of. 101. 

^--, relfllivc w«lght^ of, 101. 

, form of, 104. 

Peiidoliitii, 'S2t iV. N«no 100. 

-, its varialioti dascnViM^d, SCl 

Pcjn u n ibr JL, 39, N ofi» 111. 

Perigae, liionf, 34, Note lifX 

, vuriaiion of 37. 

, ynriatlOQ of atiliir. Si Note 

147, 

PertheJloii, 10. Note 57. 

, stx ul^r vuriiitiDii of. 10- Note 

13. 

uf Ju[illjer'& aitcULie'^, ^. 

— of Ibo iiioojjt 34, 
Ume^, 5j S. 

= — ', pmpoftioiml 10 cube* of nie»it 

disturiceth, Ti. Nour -2il 
Peril Khclly of the planetary |iertiu- 

haLti>n«, 3U, 
Ferlorb of jrut&tiun of the edt^tUil 

bodies, 6L H Me^. 
Perkins. Mt.t bift exiicrEinealBoa the 

ccsmpresBltiiliiy of loatter, i-jr 
PvroD iind i^psut-'Ur, MM.^iin tlu^^ dla- 

trfbiitkia of nmrltii^ niim]i<it!<, 9KJ, 
PertUfbahoDs of the p|Eint>i«, perL- 

Ddic juhI SPiMiljirt 19; (3. 
' exprciised in aines and ^fn\ue» 

*jf c] rciilar n res , ao. S' ue 70, 

of Jupiter and dxtturn, 34. 

of Venuj and iIji^ enrlh, 35* , 

of Jupmir'i Mate||iic!», ^J7, 

— of tlib itniE>n. 33, 34. 

offometa, 33a 

PhaHe« nf ilae ni*iri, 3(?. 
riiiisplMnc^ceiicfy,. ^k 
rhiwjtlron-ii'ta action liTtsoIarBpflC' 

tium, 3t^6, 
Pbotogfaphic rii j s of flr>lLir $pof tnuiit 

194 £t «f^. 

' pictiirf'j^^ 197, 

Finnc nf e^cliptic, 9. 
^— , its BociUnr varlatloii, 31. 
Pliii notary [iioliejnt«, IB. 13. 
Planets move In cddIc acctlfWi^T ^ 

-^ ihf^lf fnrniJ. 4 

1 niioo? pile res of. ii3a. 

, cniisiltsiUod ofn ^:;4l>. 

PInnLR, UiEfir d]iiEriljutJOn,l26'2 ft ««f 
t'iBieaii, M.^Qn complementary col 

nrs, 160- 
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Platina, spuntaneuus cuiiibustiuii vi', 
104. 

Poinsot, M., on the invariable plane, 
23. 

Poiason, Baron, his researches on 
capillary attraction, 109. On the 
distribution of the electric fluid, 
276. On the law of the magnetic 
force, 308, 300. 

Polar star, 77. 

Polarization of light, 17i 

by refraction, 173. 

by reflection, 178. Note 205. 

, circular, 183 et seq. Note 209. 

, elliptical, 187. 

, discovery of, 189. 

of heat, 215. 

, circular, of heat, 217. 

Polarized light, 173. 

, undulations of, 170, 183. Note 

201. 

, phenomena of, 180 et seq. 

Notes 207, 208. 

in quartz, 183, 187. 

, interference of, 188. Note 211. 

Polarizing anglcei, 179. Note 205. 

apparatus. Note 200. 

Poles of rotation, 4. Note 11. 

of celestial equator, or equinoc- 
tial, and of ecliptic, 9, 76. Note 
46. 

of niaxinmin cold, 260. 

, magnetic. 300, ! 

Pouillet, M., his estimation of the i 
quantity of heat annual iy received 
from the sun, 251, 252. On the 
production of atmospheric elec- 
tricity, 281. 

Powell, Professor, on the dispersion 
of light, 191. His experiments on 
heat, 213. 

Precession and nutation, 74. Notes 
143, 144. 

, eftecta of, 75, 77. 

Principal axis of rotation, 71. 

Prism, its use, 153, 154. 

Prismatic colors, 154. 

Probabilities, theory of, its utility, 59. 

Problem of the three bodies, 11. 

Projected, 5. Note 20. 



Quadrant of the meridian, 84. Note 

151. 
Quadratures, 9. Note 51. 
Quadrupeds, their distribution, 270. 
Quartz, or rock rry.^tal, its proper 

ties, 177, 1H3. 187. 
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u. 

Radial force, 7. 

Radiation, 221 et seq. 

of the earth, 251. 

of the sea, 256. 

, solar, 68, 261. Note 140. 

Radii vectores, 8. Note 40. 

Radius, 4. Note 15. 

, terrestrial, polar, and equato- 
rial, 47. 

, solar, .W. 

vector, 14. 

Rafl^es, Sir Stamford, his account 
of the volcanic irruption at Sam- 
bawa, 247. 

Rain, 222. 

Ratio, 4, 5. Note 16. 

Rays of Light, 148. 

of heat, 208. 

, chemical, 193 et seq. 

, extraordinary and ordinary, 

177. 

Reflection of light. Notes 184, 198. 

, extraordinary and total. Note 

184. 

of sound, 131. Notes 174, 

175. 

of waves, 131. Note 174. 

Refraction of light, 148, 149, 171. 
Notes 184, 198. 

, atmospheric, 148. Note 185. 

in eclipses, 39. 

, terrestrial, 150. Note 187. 

, extraordinary, 150. Notes 188, 

189. 

Repulsive force, 96. 

Resisting medium, and its eflfects, 
21, 162, 163, 346. Note 78. 

Resonance, 144. 

Retrograde motion, 13. Note 61. 

Revolution, sidereal, of iJlaneLs, 16. 
Note C8. 

, tropical, 16. Note 09. 

, synodic, 39. Note 1J2. 

and rotation of the celestial 

bodies in the same direction. 61. 

Rhombohedron, 175. Note 200. 

Richman, Professor, killed by light- 
ning, 283. 

Richter, his observations on the pen- 
dulum at Cayenne, 51. 

Rings, Saturn's, 62. 

, colored, round, small aper- 

turen, 168. 

, Newton's, 165. Note 194. 

Ritchie, Professor, causes water to 
rotate, 316. On the compofilion 
of water by magnetic action, 335. 

Q 



Rog0, C^pi. JainidB,li)fl Aetscnnlniitioti 

of Ihe iiuigoetic pale, 3O0, 
RotHtiuu of %hc fiun aud pLnoetK, 7^ 

of h fluid ijrisitB."*, G> 43. 

— -orihetoflftli. s^, tie. 

of the ifloon, 03 i 

^— of JuiMlOf'* Mitftllitesi, 65- 

af Suiuin'iif dngs, 6^- 

ofwindfl. 113^ im. 

— — of WfU€'r by eicttiicily^ZW. 

— of niagDetSf 315. 

8. 
gtbine, CdIoh^I, on the luagDctlc 

SiiU 4uid »ugtu, thoir caplLlary ct- 

Unctlon, 110. 
— — , nttk, htEtily permenblfi lo bcEtt, 

-^^ uf Jiijiktor> th«lT tlicor>\ 30, 

— ^ of Sutiini A till Umiiuft, 3S, 

i^turn [Lad Ills lici^s^ €2. 

^itHMiiri?. M., nil itie lewpemliirti of j 
mines, 24a 343. ' 

a«,vtin, M.^ hla evperLmfiiiiii on tlie 
tense of bonrVne, I'itj. On ilie 
vlbmliun of t^lmstic bodi&i, 141 ft 

8ft vary, M., Hw fiTstwiwiletofmln^jiJ 

the urbii of n btnary atsr, 367. 
Bckrueler, M., on the ELtiuospbcrc of 

trcorcsby, Cajit.^ f>n eTtraGrilinary 
nafracUnii, IJjI, Dei tlie tc'ijpvm- . 
lurif of Iho Arctic rogions^ 3G0. 

BsiiaoDS, variation of^ &-2. 

Qecn\M vnwKium9^ 13, 

— — of afisidefi, ]0. Notes 66, 67- . 

— - iit &c*e n I rlcity. 1 a. Note 7t»* 

of the ecc^n^rieity of ihe t&r- 1 

r(?!itr]a[ orbit, 17. ' 

— of nodes, IB t<* itpq. Note 73. I 
of lii<:LlnalJL>n, 30* Nsjle* 72* 

7S. 
^- — in die obliquity of llie eciiptlCj 

SI. Notes 7», ua, J4J^. I 

of Juiitter, la 

~ of JupEter'ii (uitellltes, 97, 

of [he rnnoiit 35. 

Beel>eck, I'rofussor.im thcntci^muin 

pnlnt of heat tfi the soiiir is|h3C- 

tntm, 315. 
Sliell-fidli, tho weight Ihey sunlalD, 

lis. 



Sldere&l dny, 77, 
- — irevoliitiDn» 73. 

aBtitmamy^ 391, 

^imt of an arc or an^sle, ^ Not* Wt 
SLrluti, 4a»0ftDcf^ nml light iif, J^ 
^niytlin, Capt.T iucMsutss iha h^§ht 

of" Bmiv, i 1 J . I i is obi^rvatWiie of 

y ViifiiiLii, 3S8r 
dnoWf Eiue nf, gierpelUall^ '^L. 
Biflar System^ its moti'Ufi lu A(»cet^ 

311,370. 
BoittF sjiefitrunL, 15-i, im^ 19^ £14* 
Solnr hent, quantity of, -25;L 
- — , dUtriliutkin oG STia 
Soliiiceg, ei. Nolo 148, 
Botbok |>erlnd^ dd. 
8ouu(t, llieory of, 1^^ I'-S. 
- — , iinilfiUikJQB pjrcidkii;ittK, IM 

Not« 15(1. 
— -, Intensity of, 1^ 131. 

' ; velotUy of, l^- 

■ -I, transmission «f, liJ3 «i #1^. 

-^ rafllc^Qtioa of, 131^ 1^- 

— =, mfmciitiii nod iiileff^fejitti «f| 

133. 
jj^tiunda, muaiRni, 134,. 
— , hnriiiunlcT 130- 

pncc^t 5. Note 21. 

» ternpcniturci nf^ '5*41, 

Spenklng-iJuiAtrhltie, 147, 
riphere, littratllon of, 4. 
E*3jlietoids 4. NiytJ& 9. 
J attJrtiction of a^ 4. jSule I'X 

-— tlik's, 80. 

^uiirti Of did in 11 ui!-, 5, N^te ^. 

■ cif iQiaaii^a dktojii^e^ 5. 

— - of sine aad cddine uf IntltuMk-, 

4a Noie 123, 
— — n u HI bitr and Itfl r not. Note 13:L 
eiHliillty of jtystcnit 2L 
BiJim, filed, 2iM. 
— — , tinrotlnx ot\ 53. 
— -, diitance of, 53, 370, 
— — , cli9.Uinces of, ^nuvru from tbe^ 

btoarv ej-Rlem?, 370. 
— — , nuniiicr 0^361. 

^— t siKo t»f, sea, 

- — ' til at hnve vanished, and tmw 

etnrs, 3G3. 

, vahatilP. ^64. 

— — , llielr prnfieF motions, 369, 370. 

, double, 303. 

, pnndlELBtii: mniTonst of, 370. 

' r ]t\a\iry sy^t&na of, and th^ir 

orLrits, 307 tt tstq. 

-^ color of, 374- 

— , clti Biers of, 374. 
Stefiin^ 14137 ri jif 5* 



469 



Stnive, Professor, on the rings of 
Snturn, 63. On Halley's comet, 
343. On the double stars, 368. 

Sun, the center of gravitation, 5, 6. 

, motion of, 8, 370. 

— — , mngnitude of, 55. 

, eclipses of, 40. 

, parnllax and distance of, 58. 

, mass of, 55. 

, rotation of, 61. 

, constitution of, 238, 239. 

, light and atmosphere of, 239. 

, spots on, 239. 

, heal of, 251, 252. 

Surfaces vibrating, 137. 

Svanberg, M., on the temperature 
of space, 240. 

Sykes, Col., on the height at which 
wheat grows, 264. 

Synodic revolution, 39. Note 112. 

Syren, 138. 

Syrup, pliysical properties of, 184. 

System, Solar, its stability, 21. 

, Its motion, 6, 370. 

of Jupiter and his satellites, 27. 

of binary stars, 367. 

Syzygies, 88. Note 153. 

T. 

Tangent, 8. Note 38. 
Tangential force, 15. 
Temperature, internal, of the earth, 

67, 242. 

, stratum of mean, 341. 

of mines, 242. 

of wells, 243. 

of ocean, 245. 

, superficial, of earth, 249. 

, effects of, on vegetation, 262. 

of space, SJ41. 

of the sun, moon, and planets, 

238 et seq. 
Terrestrial latitude and longitude, 4. 

Note 11. 

meridian, 45. 

refraction, 150. 

magnetism, 300, 333. 

Tessular system, 107. 
Tetrahedron, 107. Note 164. 
Theory of Jupiter's satellites, 20. 

of the moon, 33. 

of the tides, 85. 

, atomic, 101. 

of sound, 122. 

of light, l^etseq. 

of heat, 206. 

of electricity, 271 et seq. 

Thermal springs, 252. 



Thermo-electricity, 328. 
Thermo multiplier, 329. 
Thunder, 132. 
Tides, theory of, 86. 

, semi-diurnal, 87. 

, semi-annual, 89. 

, effects of declination on, 90. 

Note 154. 

, neap and spring, 89. 

.height of, 89, 91. 

, propagation of, 90. 

, forces producing, 92. 

at Batsha, 93. 

Time, mean and apparent solar, 78. 
, mean and ap{)arent sidereal, 

77,78. 

, equinoctial, 81. 

, equation of, 78. 

, square of, 36. Note 105. 

, divisions of, 79. 

Timocharis, his observations, 75. 
Torpedo, its electric properiies, 299. 
Tourmaline, its properties, 173, 170, 

178. Note 199. 
Trade winds, 116. 
Transit of Venus, 52. Note 131. 
Transmission of light, 171. 

of undulations, 123. 

of sound, 129. 

of heat, 208. 

Translation, 7. Note .36. 
Triangulation, 46. Note 125. 
Tropical revolution, 16. Note 69 
Tuning-fork, experiment with, 133. 

U. 

Undulations of water, 92, 93. Note 

156. 
of air, illustrated by those of a 

field of corn, 123. 

of air, 124. 

of ether, illustrated by those of 

a cord, 164,186,187. 

, small, 115. 

Undulatory theory of ligh 1,161 et »eq. 
Uranus, 239. 

, his distance from the sun, 53. 

, his satellites, 32. 

Universe, 23, 381. 



Valz, M., on Halley's comet, 343. 

On the nuclei of comets, 356. 
Vapor, 228. 
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HARPER'S NEW MISCELLANY 

OF 

POPULAR STERLING LITERATURE. 

" Books that have an aim and meaning in them." 

Now in course of publication, a new and attractive library 
of sterling books, elegantly printed in duodecimo, on fine 
paper, and bound in extra muslin giltt fitted for permanent 
preservation. 

PRICE FIFTY CENTS A VOLUME. 

The cheapest Popular Series of Works yet Published- 

I., II. 

Elements of Morality and Polity. 

BY WILLIAM WHEWELL, D.D., 

AUTHOB OF "HISTORY AND PHILOSOPHT OF THE INDUCTIVE SCIEN- 
CES," &C. 

2 vols. 12mo, Muslin, extra gilt, $1 00. 

Dr. Wheweirs work ought to be read, becaase it can not be read withoat 
advantage : the age require* such books. — London Athenaum. 

A text-book of simple truths, from which, by induction, a complete sys- 
tem of morality is constructed, applicable to all the relations and circnro- 
stances of life, and embracing every department of human action. The 
reader who shall carefully study these volumes— and a more inviting page, 
clear and legible, the eye does not often rest upon— will find his labor more 
than rewarded.— iV«u> York Commercial Advertiser. 

Professor Whewell's " Elements of Morality" have been universally re- 
ceived in England as a contribution of rare value to the department of moral 
and political science. — Baltimore American. 

A splendid production by one of the most distinguished of the scientific 
men o( tbe age. This is a book, not to be read merely, but tu be re-perUMed 
and patiently studied ; we have heard it pronounced by no mean critic the 
most complete and lucid work on ethical philosophy ever produced. We 
commend this work to the especial notice of thinkers and readers, to schol- 
ars and schools generally, as a most admirable text-bouk. — Sun, 

The style of the work, though simple, is extremely clear, strong, and el- 
oquent. It is a lx)ok to be studied rather than superficially read, and can 
not fail to be of the very highest importance in instructing and discipliuipg 
the public mind. — American Patriot. 

This is beyond all comparison the most complete, comprehensive, and lu- 
minous treatise on the important subjects it discusses, that is to be found 
in the language, and its careful study is indis|>ensable to every one who 
would obtain true and definite notions in regard to the principles of public 
and private morals. It is profoundly learned and philosophical, but the writ- 
«r thinks logically and clearly, •au«l is therefore at nil times lucid and com- 
prehensible.— Ifujfa/o Commetcial Advertiser. 



UARfEas NEW MlgCELLANV 
HI. 

The FMIosophy of MysterF, 

ey WALTER COOPER DENDY. 
L2mO| MasHo^ extra gilt, 54) cents. 

Thii {t akftrned Jtmi «<!Bb(jmt« work, Tti wh'tc!^ Ihe writer gOKS itilo thfl 
iMTBMti(f&tiem of k]1 iKs pliBiM/m^na »( nii»(l in tiliK itrrtiii^ aperatirms and 
pfalmtlwi&fl uf iftioit seeing an«I ^pectml ImUuchmMy^nBii nnd KtmB tu giro the 
trafl pIvilciinphiF' af ail ftiich di^lusti'iis. Ha ii m medical roan of cttosidcr- 
«lrke {^iiiiiiG[i£«)~iL(iJ hn3 sparLJ ua [HLiru in hifl reuufohftB, g'ivip^ a i^r^t 
huinlit'r of ftictf" nnd co»9« Un lllatitrtjifi hta philosupliy. Thv wolnmu will bo 
iTiUd^ n^iuf kiL TiJiTT B^ it 18 re^iillv a deffiilemlaiii in the world of Utdrdtara. 
Wa know uf nil work nn ihii suljjnci wliiich layj tlif^ laaic jo^t clsiini tu piibLm 
■ttfliiiiiLi!], UF (Ua cLLtilyuf the jfl:i»iuco[jhirf.^ — Vktifiicm AdttfitttSe ajui Jaumut, 

Tbo voIuiDc Xatinra un ii (loih ttksrtrufltive md Bmunrtie'^flnd ni this parUo 
nUr tiibf!^ wbau th« nxtremes of tuperititfi}!! mnd pliiloHophv hn.vtt Ahaknn 
hand*, tt will iie lElcnIj lo affset an iiicqiicqiveiIjIu ajjiuutit o^ y^iMhj^ if prtF|i'- 
eirly iLadied. Ii ii cne <>f the must ren«urknlj]e prmliictiuHB ui the day, and 
niLt^ i^n^iittr nn t:.^traardiuary dei^Tce u( mleisit iti Ih^ public mind.^ — Mtr- 

It botunefd in th»i nliws nf writinf^ wUi*;h yf^n Rtm ink*- tip and pu: d-jwii 
at jilt^kAuiErt aidd wliiirh iitny be lUliJacteiL lo repented reudiagn. Tb^ wailt 
U iileiudiit, liQwaveir, in aptEo of tKii— jilaaifiiTtt iKcause ul' it^ fjicts^ it« nb' 
TDDmiis Jftr-ajla; of uiy^ieTy, Ua vast nollectioii of a.tiofalat(>^ its deTelopiiients 
ttTdiahl^n^t it» tiding;* from the ^pintiJiiL ^'arld* mid Itie many raws which 
U brioga tqgellier of th^a CLirioas mid the wonderful in nnlurv and urt, whldi 
fftrmer »g»ih and ij^narAnce and nuperttiiionp hnve coiieliided tn caii^ider «u- 
paniikttiraJ. Where tcieuce aiid msHi^n^ B.psctil.-m.tin fumtBh the Knlutrnn t^ 
the nijfilerjTt Mr. Deader oiuplea it frith the atateioents, and the baalt it 
Ihut equhlly valuablft and timasing.— Charleston Tratucripi. 

Hcrp lint 41 rijujarkabhi worki: i bHUutirnl in it4 QiylE-i i^rid wrmdr4tn3 in ita 
inatldr. Jlio ^VKfk is slrinTlvjdniuiitiiihical fn its tcndcLiryj jet niore am us- 
ing thau ti novuL — Tms Amer^r.an^ 

This is a bor>k for the lovers of marvels and of mysteries. It containa an 
immense collection of anecdotes of spectral apparitions, of illusions of vision 
or of hearing, of striking phenomena exhibited in dreams, in insanity, in 
trance, or in magnetism, and furnishes many very valuable hints to aid in 
the solution of these mysteries, by which so many have been bewildered 
or affrighted. It is written in a style of great ease and elegance, and can 
not fail to find a very wide circle of welcoming readers. — Albion. 

This unique and remarkable book has just been placed on our table ; we 
know its reputation of old ; it is an admirable discourse on the .subject of 
supernaturalisms, such as mental illusions, dreams, ghosts, mesmeric phe- 
nomena, &c. If any one will but read the first half dozen pages, we will 
vouch for it he will not neglect the rest of the volume : it is one of the best 
written books on one of the most curious range of topics that could engage 
the pen of a writer, or the atlentit)n of a reader. It is, in fact, one of the 
most curious volumes ever perused, upon a seritrs of the most singular sub- 
jects, and, in this new and neat form, it will command a vast number of 
reader:*. — Sunday Ttmes. 

"The Philosophy of Mystery" is an exceedingly able work ; far better, 
we think, than the " Natural Magic" of Brewster, a book of identical pur- 
pose, carried out in a totally different way. The *" Natural Magic" is the 
more ratiocinative, Mr. Dendy's essay the more piietu;al, the more imagina- 
tive, and to us the 'mvte \nto\(Sl\ug - Naticnol Preso. 
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IV. 

The Lifb of Mozart: 

INCLUDING HIS CORRESPONDENCE. 
BY EDWARD HOLMES, 

AUTHOR OF " A RAMBLE AMONG THE MUSICIANS OF OERMANT,*' Ac. 

12mo, Muslin, extra gilt, 50 cents. 

It is written in a beautiful, narrative style, and can not bat be every 
where acceptable. To all who appreciate the extraordinary renius of Mo- 
zart, the delicate structure of his mind, the incidents of his'life, and his ro- 
mantic death, this volume will indeed be a treasure. — Boston Gazette. 

It contains, in addition to much of his interesting correspondence, and 
other papers, a detailed account of his life, adventures, and rise as an artist, 
and a discriminating sketch of bis character, the peculiarities of which are 
happily illustrated by anecdotes. Many things of him, unknown oven to 
his admirers, are here given to the world, and his biographer, fully appre- 
ciating the artist, has yet, not like a flatterer, but with true independence, 
spoken candidly of the faults of the man. — Merchant's Magazine. 

Of this far-famed life of Mozart it ie scarcely necessary for us to say a 
word ; the foreign reviews have lieeu so unanimous in thoir encomiums, 
that we suppose few will be found insensible to the strong inducement of 
its perusal, especially as the work may be o)>tained at the trifling cost of 
half a dollar, and in so beautiful a guise. We have looked into the biog^ 
rapby but slightly, yet And it redolent with interest, and fully sustaining 
the high estimate placed upon the work by the London Athenaum and 
Blackwood. If the Harpers oontinue to fill their new library with sterling 
works like the present, it will present the most truly valuable series, yet 
the cheapest, ever attempted in any age or co\xxiiry.— Evening Gazette. 

The only authentic biography of the great composer that is extant in the 
English language, and the events of his career are replete with useful ad- 
monitions and warning to the sons of genius, and they whisper to those 
whose present claims are not allowed that there is a future full of promise. 
In his life Mozart was neglected and impoverished, and he went to his 
grave with more than the bitterness of death crowding on his thoughts, 
but fame has taken possession of his memory, and among those who move 
as gods in musical art, few are equal to him, none are superior. This bi- 
ography possesses an interest for all who feel interested in the great men 
of the earth. It is not only remarkably well written, but has a complete- 
ness about it we have never found before in any life of Mozart. — Loutfvti/tf 
Journal. 

There is such a charm in this narrative, that the lovers of good biography 
can not hear of it too soon. We can not conceive a more fascinating story 
of genius. To a style which would alone have sufficed to the production 
of an interesting and striking narrative, Mr. Holmes unites a depth of 
knowledge and musical appreciation very rare and remarkable. We thank 
him cordially for a most pleasing addition to our standard biographical lit- 
erature. — Examiner. 

The book is one of extraordinary interest, not merely to the lovers of 
music and appreciators of the great com poser, but to the general reader, as 
a vivid picture of the life of a man of genius, who encountered all the dif- 
ficulties, trials, and sufferings usually the lot of genius when it comes be- 
fore a world incapable of appreciating it, and indifferent to its welfare. The 
domestic portions of the book are invaluable ; his relations to his father and 
his wife are very beautiful. The ^^ork is admirably executed, as well in the 
scientific as anecdotical passages, and is worthy of the widest svXe.—News. 



The Practical Astronomers 

oaMrRmiNQ illustratioxs of light akjj coi^ors; 

PRACTICAL DESCRIPTIONS OF ALL KINDS OF TEL- 

EsicorES, &;c*, witu j>escriptive accoun-ts of 

TUB EARL OF ROSSE^S UARGCl TELESCOPES, AND 

OTHER TOPICS CONNECTED WITH ASTRONOMY. 
BY THOMAS DICK, LL.D., 

LVTHOR OF THE ^* VWBl&TlJLm PUILaSOFUeit^" '*■ €KLEllTtAl> E'CEN^AYt^ 



TH¥ Blt}Elll£4L ft ^ M^f! PC B , ' ' &r, ^H 



100 EngravJugs. ISmo, Muslin, extra giltf 50 cents 

Thp Jifliwp of ihf^ diBtiijgvift>ieil &athor v( ihk wqrT( la a Biif!ic:ieQt pax^ 
p^tn tu public fiLror liiid a »are j^unranke' lo its jut^rHnji^ vulue^ and tlnwd 
whit h&rtt Tflftd Dr^ I>3ck*B fumsttr wnrka wiJl iiefiJ nf^ riiieuinrtLOiidiiittiu of 
thi« bouk by us. He i^ flcit tusly bcii orif mat nsiJ j>ri>fauiicl i^liBerver "f m- 
tiutj, but irnl? a aiort etcftlliiBiit Chrisiian philfi-Ktpbf^r, whijsfl jiowpt^ of in" 
tisllflpt t-vA crpamled viaws of ihe cJiiirninteT of iht jjrfut Arch ft net of ihm 
lifiivpnw are io eiDtiieiiiJijr oaJmilmEed ta Jireist tlio iniud noL alocne ta the 
Urandf^ur^ iho mapirBceiicie, &aLJ fluMimity f»f ttic lnw* lud priauif*l?a □( 
the ni4t«trittl world, bot lu liwik throngh nat^irB up to *' ^fnt<lT«'9 G;jdJ' It 
ii trulj Ik VBlnabla vtnrk.— Fanner and MtcJwjiic. 

Till? iflflrita flf this wfirk hki of the htghest otiIst; Dkk jr one of tbt 
pirofoaniJefit 4D,cj purut of modern phiSoeiOphers-— lV?*iem Centinent, 

Here i* ibe ninlk i^»1ueii# prcicuted by- thif giftad ftatbo'r tO' the pablic: 
li» hito of all of wtiirh baa Iwen to £i£iip]jf> *ciecieea which Iwfore b»?o 
been tao tiften eoDiidt'red rs Brory way ok&p^t s^fld tborefore nnwonhy (£ 
the alteation of unlinmry readervn It is (peciaHy addressed to pnvatt sto.' 
dents and ihe h%hi>r tii!hr»uSs» and cnm prises a. lar^o amuiliiL tii haw nod 
TaJnabltt nmEt:«r {.'iinnflcltstl with astronomy, nitd pointii]^ out war^ in "trhich 
Cha more hum bio stUihuU can id the best way improve ttie iulvanCageHplEiced 
in his way. — Auburn Journal. 

Let not the inquisitive fear that the intricacies qf science or the techni- 
calities of language will obstruct the pleasure they will derive from the 
study of this book ; for the clearness of the author's style, and the elucida- 
tion of the one hundred engravings, render it within the scope and compre- 
hension of every intelligent student. — Industrial Record. 

The copious use of engravings and of pictorial illustrations, together with 
the plain, popular explanations, render this book a truly practical work. 
Dr. Dick is not only thoroughly scientific, but he knows well how to render 
his acquisitions available to the great body of common readers, by his ac- 
curate method and clear descriptions. — Watchman. 

We have always been an admirer of the writings of this gentleman, and 
popularity keeps on his side wherever he is known. He is a profound 
thinker and a devout Christian. His works all tend to illustrate the simple 
as well as the sublimest principles of philosophy, and while they instract, 
can not fail to enlighten. The present vylume comprises illustrations or 
light and colors, practical descriptions of all kinds of telescopes, the use of 
the equatorial-transit, circular, and other astronomical instruments, and 
other topics connected with astronomy. It is illustrated by 100 engrav- 
iuga, and will be found a most valuable book for all classes, but particularly 
as a work of instruction for youth.— ///Mfra/ed Magazine. 
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VI., vir. 

The Ipife of Paul Jones. 

BY ALEXANDER SLIDELL MACKENZIE, U.S. N. 
2 vols. 12mo, Portrait, Muslin, extra gilt, $1 00. 

The history of the naval adventures and victories of Paul Jones forms one 
of the roost romantic chapters in the record of great deeds, and can not fad 
to attract general and ardent attention, since it relates to the very beginning 
of the American noivy.— Commercial Advertiser. 

The various biographies of Paul Jones now extant have been carefally 
searched by Mr. iVfackenzie; as also the log books of Jones's various cruiz- 
es and papers in possession of his* heirs, witH a view to procure a full ani* 
authentic collectioti of facts and incidents for the present work. Thus in 
dustriously compiled and stored, and that by an able hand, this edition must 
necessarily, as it does, possess considerable merit.— Philadelphia Chronicle 

Paul Jones will always be regarded as one of the mostdaring[ and gallant 
heroes who ever made the ocean the theater of their exploits. Such a 
name can never be forgotten by Americans, nor can the services which he 
rendered to the cause of American liberty, in its infant straggles, ever pas* 
into oblivion. No better biographer for such a character could have been 
foand than Captain Mackenzie. Familiar with all the details of seaman- 
ship, possessing the same bold patriotism which made the career of his hero 
so illustrious, and being an accomplished and vigorous writer, he has given 
us a most admirable biography. — Courier and Enquirer. 

This is a capital American biography, of an American naval hero, scarcely 
less renowned and no less gallant and gifted with an heroic spirit than Nel- 
son, the great British admiral. There is scarcely a more stirring life in 
the whole compass of literature than that of Jones ; and the important part 
he played in giving force and almost life itself to tho American navy, then 
in its earliest infancy, renders his history peculiarly interesting and attract 
ive. No man certainly ever performed more gallant exploits, and few have 
rendered more important service to the cause of freedom than he. Many 
of his actions for bravery, skill, and the performance of almost incredible 
deeds, by apparently the roost inadequate means, are scarcely rivalled by 
any thing in the records of naval history. His life should be familiar to 
American readers; and in the elegant, forcible, and graphic style of Com- 
mander Mackenzie it can not fail to be universally read. — True Sun. 

We are glad to see the life of this celebrated man by one competent to 
write it. His adventures border so much on the marvelous that one is glad 
to be sure of reading only what is authentic, and that written in a style and 
language becoming the subject. There is a good moral lesson conveyed in 
this life of Paul Jones.— C'Ar»**um Advocate and Journal. 

The name and achievements of Paul Jones are indissolubly connected 
with American history; and his renowned deeds, which made him the ter- 
ror of the coast of Britain, are among the most romantic in the annals ok 
naval warfare, and impart to this work the highest interest. This is the 
most complete and authentic biography of Commodore Jones ever published, 
as all accessible materials have been collected, and are used by Commander 
Mackenzie with the ability and tact which he possesses as an accomplished 
scholar and an officer, accomplishments which peculiarly qualify him to 
write naval biography. A fine portrait of this true naval hero will be found 
in the first ynlume.— Baltimore American. 

We have read it with some care, and compared it with other biographies, 
and think it greatly superior to any yet published. It contains a full nar* 
rative of all the important events iii Jones's eventful career, and yet is lew 
voluminous than previous works. — Highland Courier. 




aV CHARLES DARWIN, M.A., F.R.S. 

2 voh. l^^mot Muglin, extra gilt, SI 00. 

This If inother moftt YsluaTile fnnlribatinnto fhe eftase o fjEifl^ar fives- 
ffim, tssiiPtT m IfartHT'i New MisceHiny ; b, sarie* thaE by* fcMr lu aurpoM 
itvifii ttimir Fiimily tibmry iii the vLurHiia e^csvUtiDire and ptijitilarity of iKe 
wbrkt which H rflitdAn i.ni!CEstt}lfl ro ulf claargR of E.he cum eii unit j, Tlii 
work (^^vntaini:, in a rftniletispJ nrni prtpu]nf\tT!d fartHi ihe n-ituICst c^f the Orit- 
ith Elplorin^ Expedition, which Mr. Darwin arcortipBiiieti ul tha speccal 
inttancB of ihft loriU tif tho AdrjaiTnIty^ The Tnyng^ r[in-<rilii|]et1 *e¥t?ml 
7«i&]iiit BC^d WRS p«irfrirmed at a vary h#avy exi^unse od tbc purt of tJie I3f|E- 
i*h gii^ernmenu Yet h«re wo hmvij its must loiportjjit results,, diwitfld oF 
aU ideTitilJG tochnicalilit;*, unJ prsTsoteJ in a form ftl once altr»ctive &n(i 
flccumte. The vtatk is entitled to lecare & ? «ry wide ■nircwlatiutt. [t cob- 
tftiiiM iiit iinim.''ti9« mitoyint Df infuriuatioii ojiictirDinj; ihe nnluml hipturjr of 
the whuEo wcirlf!, amJ is stipertwrt in fiuint of JiitBrotE and ifalue^ lo anj ftimi- 
]»T work OFor pubbshed,— AVw IVrA TrM SiW» 

A work very Reatly liiiieiJ, Hid bai the iuterest of » Icmding" tubjoct w*t1 
deT«lop6dt thii umfaEllti^ E«citet uf proijuciDg- b booU of ehaFacter, In llie 
pie^eni mate of the worJd, wh«n a?w cotmiriea m« op*n>nf ftvary day^ To 
iha gTflBt ronqaerrtr, Conmnenre, mUfih palilications are of ucvmnal itnpoTt' 
an^. P«rhmp*iio bnfi<^rniiitioiii, jnit haw, ran be «<f more cLunE^quenee to hm 
Utiin thtt whii-h puis ^s. m lymsesaiitn [sf thu miJveiikcuLa of En«^lisb dij?o<jT« 
ery- — .Vpicjt^ 

^.This M a most valuable and a most interesting work ; one which com- 
•■^ns true scientific worth with the graces of style suited to render it pop- 
better than almost any similar work which has recently come under 
^ p^ice. The voyage of the Beagle was, in truth, a scientific exploring 
ezpe^tion ; and Mr. Darwin accompanied it at the special request of the 
lords ^f the Admiralty. Its results have been published in several very 
elaborate, extensive, and costly volumes in England ; but as these were en- 
tirely beyond the reach of the great mass of the reading public, Mr. Dar- 
win prepared these volumes, in which all the important results of the ex- 
pedition are fully, clearly, and distinctly presented, interwoven with a most 
entertaining narrative of personal incident and adventure. — N. Y. Courier. 

This is a work of remarkable interest and value. The author, in circum- 
navigating the world, under commission of the British government, for sci- 
enti^c and exploring purposes, visited nearly every country on the globe, 
and preserved in this brief, simple, but beautiful narrative all the singular 
facts of a scientific, social, or geographical nature which are of general in- 
terest. The amount of information condensed iu these volumes is incred- 
ible ; and the skill with which the useful and interesting is selected from 
that which is unimportant or well known is admirable. We admire the 
style, the straightforward sincerity of the writer, the apparent candor, and 
the erudite research which he uniformly exhibits. Without one quarter 
of the bulk or pretension of our famous exploring expedition, the present 
work is hardly inferior to it in value and interest. /This series is gaining a 
fine character, of which we hope the publishers wm be jealous, — New York 
£vangeli$t. J 
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